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PREFACE 


The  Persian  Gulf  and  surrounding  land  areas  comprise  a  region  of  strategic 
.  importance  in  international  affairs.  Yet  only  in  recent  years  have  the  region’s 
general  climate  and  specific  weather  phenomena  been  studied  closely  from  a 
modern  meteorological  point  of  view. 

This  report  examines  the  winter  shamal  ,  a  subsynoptic  scale  wind  phenom¬ 
enon  that  occurs  in  the  Persian  Gulf  region  with  sufficient  effect  and  frequency 
to  make  it  an  operationally  significant  event. 

The  study  uses  a  conceptual  model  to  relate  upper  air  and  surface  features 
to  mesoscale  weather  events;  variations  in  the  model  and  associated  weather 
conditions  are  addressed.  Wind  and  sea-state  patterns  produced  by  the  shamal 
are  described;  related  conditions  such  as  thunderstorms,  reduced  visibilities 
due  to  blowing  sand  dust,  turbulence,  and  sea/swell  are  discussed. 

Two  detailed_case  studies  are  presented  as  appendices  to  illustrate  the 
conceptual  model.  Both  cases  are  based  on  actual  surface  data  collected  from  a 
network  of  oil  rigs  and  shore  stations,  plus  visible  and  infrared  satellite 
imagery  from  the  Defense  Meteorological  Satellite  Program  (DMSP).  Two  addi¬ 
tional  appendices  provide  a  regional  wind  climatology  and  a  collection  of  rj^  es 
of  thumj__for  foj^ecasting  various  stages  of  shamal  occurrence"^  ^  . 

This  report  is  desiined  to  meet  several  needs.  Written  primarily  for  the 
operational  forecaster,  it  provides  a  conceptual  framework  for  understanding 
and  forecasting  the  shamal.  The  case  studies  demonstrate  the  usefulness  of 
DMSP  satellite  imagery  in  the  regional  a nal ys i s / predi cti o n  process.  For  the 
military  planner,  the  study  provides  an  overview  of  some  of  the  operationally 
significant  weather  and  wind  climatology  in  this  part  of  the  world.  For 
atmospheric  sc_ientists,  particularly  mesoscale  modelers,  the  study  detaTl  s  a 
mesoscal  e-synoptic  scale  interaction  that  involves  cyclogenesis;  this  inform'’a- 
;  tion  can  be  useful  as  input  to  models  of  the  region's,  atmospheric  processes. 


*The  author,  research  meteorologist  Thomas 
a  meteorologist/forecaster  for  commercial 
region  . 


J.  Perrone,  served  for  two  years  as 
oil  operations  in  the  Persian  Gulf 
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1.  INTRODUCTION 


1 .1  GENERAL  DESCRIPTION 

"Shamal,"  an  Arabic  word  meaning  "north , "  is  also  the  name  given  to 
seasonal  northwesterly  winds  that  occur  during  the  winter  and  summer  in  th^e 
-  Persian  Gulf  region.  The  characteristics  of  the  two  seasons'  shamals  are 
■  markedly  different,  so  any  discussion  of  these  phenomena  must  recognize  their 
di f ferences  . 

The  winter  shamal,  which  occurs  chiefly  f  rojiLJijiy.emb  er  th  ro  ughMarch  ,  is 
as^ciated  with  ml  d- 1  ati  tude  disturbances  that  p_rogress  from  west  to  east.  It 
occurs  fol  1  owi  ng_col  d  fjrontal  passages  and  is  characterized  by  strong  north¬ 
westerly  winds  --  most  promi nentl y  in  December,  January,  and  February  -- 
accompanied  by  s u c h._Ad verse  weather  conditions  as  thunderstorms,  turbulence, 
low  visibilities,  and  high  seas. 

Although  the  winter  shamal  is  a  ^rel  ati  vel  y  rare  event  --  winds  at  most 
Gulf  locations  exceed  20  kt  less  than  5%  of  the  time  during  the  season  --  it 
can  not  be  considered  operationally  insignificant.  The  winter  shamal  sets  in 
with  suchabruptness  and  force,  that  i ts^i rre gul  a r  1  y  occurring  gale  strength 
winds  stand  out  in  bold  relief  against  a  background  of  more  common,  lighter 
wi nd  condi  ti  ons . 

The  summer  shamal  generally  occurs  with  little  interruption  from  early 

June  "tTfrtru’^h  mid-July.  Its  occurrence,  which  is  associated  with _ the  relative 

strengths  of  the  Indian  and  Arab i an  thermal  lows,  is  usually  much  less  signif¬ 
icant  than  that  of  the  winter  shamal  in  terms  of  wind  strength  and  accompanying 
weather  conditions. 

Because  of  its  greater  potential  for  adverse  operational  effects,  only  the 
winter  shamal  is  examined  in  this  study.  Unless  otherwise  specified,  the  term 
"shamal"  hereafter  is  understood  to  mean-the  winter  event. 

1.2  REPORT  ORGANIZATION 

Shamals  can  be  characterized  as  being  of  two  general  types,  based  on 
duration:  those  which  last  24-36  hours,  and  those  which  last  for  a  typically 
longer  period  of3-5  days.  The  differences  between  these  two  du ra t i o n- ty pes 
are  cited  in  text  and  illustrations  where  appropriate. 
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Section  2  of  this  report  describes  the  geography  and  topography  of  the  Gulf 
region  in  which  the  shamals  occur. 

Section  3  discusses  eight  aspects  of  shamal  occurrence; 

(1)  Typical  synoptic  sequences  of  both  duration-types 

(2)  Variations  from  these  typical  sequences 

(3)  Conditions  related  to  onset 

(4)  Duration  of  occurrence 

(5)  Significant  mesoscale  weather  phenomena 

(6  )  Wind  s  tructure 

(7)  Sea  and  swell  structure  under  shamal  conditions 

(8)  Associated  atmospheric  turbulence 

Four  appendices  follow  the  main  text,  providing  two  case  studies,  a  wind 
climatology,  and  forecast  guidance. 

Appendix  A,  a  detailed  case  study  of  a  typical  24-36  hr  shamal,  illustrates 
the  concepts  developed  in  the  main  text  by  presenting  a  series  of  surface 
analyses,  upper  air  charts,  DMSP  visible  and  infrared  satellite  imagery,  and 
discussions  in  text.  The  wide  scope  of  the  data  in  this  case  study  provides  an 
in-depth,  analytic  view  of  shamal  occurrence  that  might  not  otherwise  be  avail¬ 
able  to  the  field  observer  working  under  operational  conditions. 

Appendix  B  examines  the  longer  3-5  day  shamal.  The  available  data  is  less, 
however,  providing  a  level  of  information  that  would  more  likely  be  generally 
available  to  the  operational  forecaster. 

Appendices  C  and  D  present  a  wind  climatology  and  a  series  of  forecasting 
rul es -0 f- th umb ,  respectively. 

1  .3  ORDER  OF  PRESENTATION 

In  Section  3.1,  which  describes  typical  synoptic  sequences,  the  3-5  day 

r 

shamal  is  discussed  first,  and  the  24-36  hr  shamal,  second.  In  the  appendices, 
by  contrast,  case  study  1  (Appendix  A)  is  the  24-36  hr  event  and  case  study  2 
(Appendix  B)  is  the  3-5  day  event. 

The  order  of  presentation  in  the  main  text  was  selected  because,  from  the 
standpoint  of  meteorological  dynamics,  the  24-36  hr  sequence  of  events  is  con¬ 
tained  within  the  3-5  day  sequence.  Thus  it  is  logical  to  discuss  the  longer 
and  more  inclusive  sequence  first  and  contrast  the  shorter  one  with  it. 

A  reversal  of  this  order  was  indicated  in  the  case  studies,  simply  because- 
there  is  more  information  available  for  the  short-duration  shamal  than  for  the 
longer  one,  and  because  the  24-36  hr  event  occurs  more  frequently.  It  is 
anticipated  that  the  more  detailed  data  given  in  Appendix  A  will  enable  the  user 
to  better  understand  the  related,  though  less  detailed,  discussions  of  conditions 
and  events  given  in  Appendix  B. 
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2.  THE  PERSIAN  GULF  REGION 


2.1  GENERAL  DESCRIPTION 

The  shamal  occurs  in  a  region  comprising  low-lying  central  areas  encircled 
by  mountains.  At  low  elevations  are  the  Persian  Gulf,  its  immediate  shoreline, 
and  the  Ti  gri s - Euphra tes  valley.  The  bordering  mountain  ranges  are  the  Taurus 
-family  of  mountains  in  southern  Turkey,  the  Pontic  Mountains  in  northeast 
Turkey,  the  Caucasus  Mountains  of  Georgian  Russia,  the  Zagros  Mountains  of  Iran, 
and  the  Hajar  and  Hejaz  Mountains  of  the  Arabian  Peninsula.  Regional  geography 

and  topography  are  shown  in  Figure  2-1. 

The  h i gh es t*  pea k s  of  the  Taurus  chain  in  Turkey  rise  to  9000  ft  (  274  3  m)  . 

The  general  elevation  in  the  Eastern  Taurus  and  Pontic  Mountains  is  9000-12,000 
ft  (2743-3658  m).  The  ridge  heights  of  the  Caucasus  chain  are  generally  9000- 
1  2  ,000  ft  (  2743-3658  m) ,  but  some  peaks  exceed  1  2,000  ft  (  3658  m)  .  The  Zagros 
Mountains  of  Iran  have  a  general  elevation  of  6000-9000  ft  (  1  829  -2  743  m)  ;  some 
isolated  peaks  in  the  central  part  of  the  country  are  higher.  The  Hajar  and 
Hejaz  Mountains  of  the  Arabian  Peninsula  are  somewhat  lower  than  in  Iran  or 
Turkey,  with  a  general  elevation  of  3000-6000  ft  (914-1829  m);  in  the  southwest 
Arabian  Peninsula,  isolated  peaks  rise  to  6000-9000  ft  (1829-2743  m). 

2.2  EFFECT  OF  TOPOGRAPHY  ON  AIR  FLOW 

The  incursion  of  cold  air  into  the__Persian  Gulf  region  from  the  north  pre¬ 
cedes  the  more  intense  winter  shamals.  The  mountains  of  Turkey,  Georgia,  and 
Iran  provide  an  effective  barrier  to  all  but  the  most  intense  of  these 
incursions.  Cold  air  can  also  reach  the  region  by  means  of  a  less  direct  route, 
however:  v*i  a  the  Aegean  Sea  or  over  the  less  impenetrable  mountain  barrier  of 
western  Turkey,  thence  across  the  eastern  Mediterranean  Sea,  then  over  or  around 
the  relatively  low  mountains  (3000-6000  ft/914-1829  m)  of  Syria  and  Lebanon,  and 
into  the  upper  Ti gr i s - Euph ra te s  valley. 

The  configuration  of  the  topography  also  affects  air  flows  within  the 
Persi'Tn  G^iTf.  The  basin-like  contours  of  the  region,  with  sharply  rising  moun¬ 
tains  to  the  north  and  east  and  more  gradual  upsloping  terrain  to  the  west  and 
southwest,  tend  to  direct  the  low-level  air  flow  in  a  general  nor t hwes t- so ut hea s t 
orientation. 
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3.  SHAMAL  CHARACTERISTICS  AND  ASSOCIATED  WEATHER  PHENOMENA 


3.1  TYPICAL  SYNOPTIC  SEQUENCES 

3.1.1  Shamal  Lasting  3-5  Days 

Figures  3-la  through  3-1 f  depict  a  typical  synoptic  sequence  for  the 
3-5  day  shamal  . 

a.  Figure  3-la.  An  upper  trough  is  reflected  in  a  surface  low 
advected  over  Syria  from  the  eastern  Mediterranean  area. 

b.  Figure  3-lb.  The  upper  trough  and'  associated  surface  low  move 
eastward.  A  surface  cold  front  extends  south,  then  west,  from  the  low.  A 
second  low  moves  eastward  across  Saudi  Arabia  from  the  Red  Sea.  The  Kaus,  a 

southeasterly  wind,  occurs  in  the  Gulf. 

c.  Figure  3-lc.  The  upper  trough  moves  eastward;  a  new  low  forms 
on  the  front  in  the  general  area  as  far  north  as  the  southern  Ti  gri  s -Euphrates 
valley  and  as  far  south  as  the  central  Persian  Gulf.  The  original  low  fills 
over  northern  Iraq  or  retains  some  surface  identity  as  it  is  advected  with  the 
upper  trough  to  the  northeast  toward  the  Caspian  Sea.  Subsidence  in  the  lower 
troposphere  induces  a  surface  high  pressure  area  over  northern  Saudi  Arabia. 

A  strong  but  shallow  northwesterly  airstream  sets  in,  west  of  the  new 
surface  low.  This  is  the  winter  shamal  which  produces  gale  force  winds,  raises 
a  short-period  steep  sea,  sets  off  thunderstorms,  and  advects  dust  and  sand 
over  the  Persian  Gulf  to  sharply  reduce  visibilities. 

d.  Figure  3-ld.  The  surface  low  (formed  in  Fig.  3-lc)  becomes  fully 
developed.  It  is  advected  by,  and  ahead  of,  the  upper  trough  to  eastern  Iran. 
The  associated  cold  front  has  swept  down  the  Gulf  and  into  the  Arabian  Sea. 
Subsidence  continues  in  the  lower  troposphere  over  northern  Saudi  Arabia  to  the 
west  of  the  upper  trough.  The  surface  pressure  over  Saudi  Arabia  increases. 

The  pressure  gradient  between  the  Saudi  Arabian  high  and  the  lower  pressure  in 
the  Gulf  of  Oman  sustains  the  gale  force  shamal.  The  weather  elements  described 
in  the  preceding  paragraph  tend  to  continue.  Thunderstorms  may  or  may  not  occur 
after  frontal  passage,  depending  upon  how  soon  after  frontal  passage  wide  area 
subsidence  occurs.  The  sooner  the  subsidence  occurs  after  frontal  passage,  the 
sooner  thunderstorm  activity  is  inhibited. 

e.  Figure  3-le.  The  upper  air  trough  "stalls"  over  the  Strait  of 
Hormuz  (or  moves  through  the  southern  Persian  Gulf  region  very  slowly)  while  the 
surface  low  moves  away  to  the  northeast.  A  second,  terrain-induced  low  forms 
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Figure  3-la.  Typical  shamal  synoptic  sequence. 


Figure  3-lb.  Continued. 


Figure  3-lc.  Continued. 


Figure  3-ld.  Continued. 


Figure  3-1  e.  Continued. 


Figure  3-1f.  Continued. 
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over  the  Gulf  of  Oman.  Subsidence  continues  in  the  lower  troposphere  over  Saudi 
Arabia.  A  second  surface  high  pressure  area  forms  over  the  Iranian  plateau. 

The  orientation  of  the  Zagros  Mountains  induces  a  lee  trough  which  extends  from 
the  terra i n- i nduced  low  over  the  Gulf  of  Oman  northwestward  along  the  eastern 
shore  of  the  Gulf.  The  shamal  continues,  as  do  most  of  the  associated  weather 
elements.  At  this  stage,  however,  wide  area  subsidence  has  been  established  to 
the  west  of  the  trough,  so  that  rain  shower  and  thundershower  activity  generally 
isinhibitedovertheGulf. 

f.  Figure  3-lf.  The  upper  air  trough  eventually  moves  away  to  the 

’east.  Lower  tropospheric  subsidence  is  now  stronger  over  the  Iranian  plateau 

than  over  the  Saudi  Arabian  basin.  The  high  cell  over  Saudi  Arabia  weakens  and 

★ 

'the  lee  trough  begins  to  move  westward  across  the  Gulf.  The  shamal  weakens 
and  is  replaced  on  the  eastern  side  of  the  Gulf  by  local  sea  breezes,  weak 
southeaster!  i  es ,  or  a  vector  combination  of  both.  Winds  on  the  western  side  of 
the  Gulf  (lee)  trough  subside  as  the  shamal  "breaks." 

Although  the  3-5  day  shamal  is  a  relatively  rare  event,  typically 
occurring  only  once  or  twice  each  winter,  it  brings  some  of  the  strongest  winds 
and  highest  seas  of  the  season  to  the  Persian  Gulf  region.  A  case  study  of 
this  type  of  shamal  is  presented  in  Appendix  B. 

3.1.2  Shamal  Lasting  24-36  Hours 

Shamal  occurrences  measured  in  hours  are  experienced  more  frequently 
than  those  measured  in  days.  The  synoptic  sequence  given  in  Para.  3.1.1  also 
applies  reasonably  well  for  the  24-36  hr  event,  with  one  important  difference: 
during  the  shorter-duration  shamal  ,  the  upper  air  trough  does  no t  stall  in  the 
vicinity  of  the  Strait  of  Hormuz,  but  rather  moves  away  quickly  and  smoothly  to 
the  east  so  that  the  stage  represented  by  Figure  3-le  is  omitted.  A  case  study 
of  this  shorter-duration  shamal  is  presented  in  Appendix  A. 

3.2  VARIATIONS  IN  THE  TYPICAL  SYNOPTIC  SEQUENCE 

The  synoptic  sequence  depicted  by  Figures  3-la  through  3-lf  is  idealized, 
and  it  is  important  to  realize  that  many  variations  can  occur. 

If  the  surface  lows  and  their  assoc-iated  upper  air  troughs  traverse  west 
■to  east  through,  or  just  to  the  north  of,  the  northern  Gulf  without  sufficient 


The  position  of  the  lee  trough  varies:  it  responds  to  local  changes  in  the 
Gulf  region  of  the  atmosphere's  dynamic  and  thermal  structure.  The  trough 
typically  may  be  found  as  far  west  as  the  western  shore  of  the  Gulf  and  as  far 
east  as  a  position  over  the  Iranian  mainland,  to  the  east  of  the  eastern  shore 
of  the  Gulf  (as  in  Fig.  3-6). 

In  this  instance  (Fig.  3-lf)  the  lee  trough  has  begun  to  move  westward  in 
response  to  dynamic  changes  associated  with  differences  in  the  relative  strengths 
of  the  high  pressure  areas  over  the  Arabian  Peninsula  and  the  Iranian  plateau 
(compare  Fig.  3-le  with  3-lf). 
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intensity  to  draw  cold  air  southward  to  the  rear  of  the  surface  low,  only  a 
brief  period  of  gale  force  no  rthwes  terl  i  es  ,  confined  to  the  northern  Gulf,  may 
result.  This  variation  typifies  the  late  fall,  November  to  mi d- December ,  as 
shown  in  Figure  3-lg, 

These  conditions  can  also  occur  as  early  as  September  (as  documented  by 

Feteris  (1973)),  but  shamal  conditions  in  the  northern  Gulf  in  early  fall  are 
rare. 

In  late  winter/early  spring  (March/early  April),  the  general  upper  air 
pattern  tends  to  become  less  meridional.  Before  the  westerlies  retreat  north¬ 
ward  to  be  replaced  by  the  easterly  upper  air  regime  of  summer,  the  occurrences 
of  brief  but  frequent  periods  of  gale  force  northwes terl i es  seem  to  coincide 
better  with  the  progression  of  shorter  wave  troughs  through  the  westerlies, 
than  with  incursion  of  the  longer  wave  troughs  into  the  area  depicted  in  the 
typical  sequence. 

Another  variation  involves  penetration  of  cold  air  into  the  Persian  Gulf 
where  the  associated  cold  front  stalls  in  the  middle  or  southern  portions  of  the 
Gulf.  With  sufficient  upper  air  support,  a  small,  intense  low  may  form  on  or 
near  the  stalled  front.  Gale  force  northwesterlies  may  result  in  the  northern 
Gulf,  with  gale  force  northeas terl i es  ,  so uthwes terl i es  ,  and  southeaster! i es 
locally  near  the  low  in  the  southern  Gulf  (see  Figure  3-lh). 

3.3  ONSET 

The  onset  of  the  shamal  may  occur  at  any  hour,  in  association  with  the 
passage  of  cold  fronts  or  the  transit  of  mid-latitude  lows  through,  or  just  to 
the  north  of,  the  Persian  Gulf  region. 

3.3.1  Conditions  Prior  to  Onset 

Before  the  onset  of  the  shamal,  winds  in  the  area  ahead  of  the 
approaching  cold  front  blow  from  the  south  to  southeast.  These  southerly  winds 
(called  Kaus"  in  Arabic  or  "Shakki"  in  Persian)  slowly  increase  in  intensity 
as  the  front  approaches,  and  may  reach  gale  force  before  the  frontal  passage.* 
The  strongest  southerly  winds  tend  to  occur  on  the  eastern  side  of  the  Gulf,  due 
to  channeling  of  the  lower  level  flow  by  the  Zagros  Mountains  in  western  Iran 
(see  Figure  3-2).  Seas  under  southerly  wind  conditions  rarely  exceed  8-10  ft 
(2.5-3  m)  (significant  height  -  the  average  of  the  highest  1/3  of  observed 
waves),  due  to  the  relatively  short  time  the  winds  blow  over  the  Gulf  from  a 
southerly  direction.  These  southerly  winds  bring  thick,  gloomy  weather,  often 
with  considerable  rain. 


★ 

The  Kaus  may  also  occur  without  a  cold  frontal  passage  following,  as  when  the 
surface  low  passes  from  west  to  east  far  to  the  north  of  the  Gulf,  or  when  the 
cold  front  dissipates  before  entering  the  Gulf. 
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Figure  3-1g.  Variations  in  typical  synoptic 
sequence  of  the  shamal  in  the  northern  Gulf. 


Figure  3-1h.  Variations  in  typical  synoptic 
sequence  of  the  shamal  in  the  northern  Gulf, 
with  local  northwesterl i es  ,  southwesterl i es  , 
and  southeaster!  ies  in  the  southern  Gulf.. 


Figure  3-2.  Channeling  effect  of  Zagros  Mountains 
on  Kaus  winds. 


3-3.2  Onset  in  Different  Parts  of  the  Gulf 

The  shamal  begins  in  the  northwest  corner  of  the  Gulf  and  spreads 
south  and  east  behind  the  advancing  cold  front.  The  interval  between  first 
onset  in  the  northwest  corner  of  the  Gulf  and  onset  in  the  southern  Gulf  is 

typically  12-24  hr.  In  the  first  case  study.  Appendix  A,  the  interval  is 
approximately  12  hr. 

A  vital  key  to  properly  predicting  the  onset  of  the  shamal  is  an 
understanding  of  the  surface/upper  air  relationships.  The  onset  of  the  typical 
mid-winter  shamal  is  associated  with  the  advection  of  a  cold,  vigorous  upper-air 
(500  mb)  trough  (with  its  associated  energy)  to  the  south  and  east  of  the  Taurus* 
Mountains  of  Turkey  to  a  position  over  Syria  and  Iraq.  A  surface  low  typically  ' 
forms  in  the  area  marked  in  Figure  3-3,  just  to  the.  east  of  the  upper  trough, 
where  positive  vorticity  advection  is  strongest.  Other  factors  which  fa-vor 
cyclogenesis  in  this  area  include  the  presence  of  the  relatively  warm  waters  of 
the  Gulf  as  a  sensible  heat  source,  and  the  vertical  motion  due  to  the  mechanical 
lifting  by  the  Zagros  Mountains  acting  on  low-level  westerly  or  southwesterly 
air-flows.  Once  begun,  upward  motion  is  enhanced  by  the  strong  southwesterly 
airflow  aloft  over  the  Zagros  Mountains,  and  by  the  release  of  latent  heat  of 
condensation  from  the  uplifted  and  condensed  warm  Gulf  surface  air  (Feteris, 

1  973). 
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Figure  3-3.  Area  favorable  for  shamal -associated 
cycl 0 genes i s  . 


Just  before  the  shamal  begins,  a  shallow,  narrow  tongue  of  relatively 
cold  air  over  the  upper  Ti gri s-Euphrates  valley  advances  southeastward  down  the 
lower  part  of  this  valley  to  underrun  and  lift  the  warmer,  moist,  resident  Gulf 
air.  The  potential  energy  in  the  thermal  contrast  of  the  adjacent  cold  and 
warm  surface  air  masses  is  converted  to  kinetic  energy  as  the  cold  air  lifts 
the  warmer  air.  The  energy  conversion  relationship  forms  the  basis  of  a  fore¬ 
cast  technique  --  suggested  by  Feteris  (1973),  based  on  a  classic  theory  of 
Margules  cited  in  Hess  (1959)  --  for  predicting  the  initial  velocity  of  the 
shamal  as  it  enters  the  Gulf  at  its  northwest  corner.  (An  adaptation  of  this 
technique  is  given  in  Rule  2,  Appendix  D,  Forecast  Guidance.) 

Also  just  before  the  shamal  begins,  the  vertical  structure  of  the 
atmosphere  in  the  northern  Gulf/lower  Tigris-Euphrates  valley  typically  is 
conditionally  unstable  (see  Figure  3-4). 

The  DMSP  satellite  images  of  24  January  1974,  shown  in  Figures  A-14 
and  A-15  in  Appendix  A,  indicate  a  prefrontal  line  of  thunderstorms  over  the 
Gulf  and  western  Iran.  This  line  is  strikingly  similar  to  ones  associated  with 
prefrontal  severe  weather  in  the  U.S.  midwest  in  spring,  where  such  cloud  lines 
can  produce  severe  thunderstorms  and  spawn  tornadoes.  Thunderstorm  activity 
occurs  frequently  in  the  northern  part  of  the  Persian  Gulf  region,  but  tornadic 
activity  has  not  been  observed. 


.•S'.: 
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Figure  3-4.  Typical  pre-shamal 
atmosphere.  (After  Feteris, 
1973.) 


In  order  to  set  off  thunderstorm  activity  of  the  sort  indicated  by  the 
DMSP  images,  in  a  conditionally  unstable  environment,  some  sort  of  "trigger" 
mechanism  is  necessary  to  convert  into  kinetic  energy  the  available  potential 
energy  distributed  vertically  in  the  atmosphere  when  conditional  instability  is 
present.  While  speculation  on  the  precise  form  of  such  a  trigger  mechanism  is 
beyond  the  scope  of  this  report  and  the  data  available,  .Figure  3-4  presents  a 
typical  pre-shamal  atmosphere  with  "positive"  and  "negative"  energy  areas 
analyzed  to  show  qualitatively  the  amount  of  available  energy  capable  of  being 
unleashed.  Also  analyzed  are  the  lifting  condensation  level  (LCL),  the  level 
of  free  convection  (LFC),  and  the  equilibrium  level  (EL). 

The  energy  released  by  the  trigger  mechanism  has  two  effects:  intense 
convective  activity  is  produced;  and  production  of  convective  activity,  in  turn, 
may  help  cyclogenesis  to  occur  more  rapidly  and  with  greater  intensity  than 
would  otherwise  be  the  case  (Tracton,  1973). 

At  the  first  penetration  of  cold  air  into  the  Gulf  region,  the  lower 
levels  of  the  troposphere  experience  strong  but  shallow  northwesterly  flow, 
while  at  middle  and  upper  tropospheric  levels,  the  flow  remains  southwesterly. 

An  important  forecasting  implication  is  that  the  onset  of  the  shamal  typically 
precedes  the  passage  of  the  upper  air  (500  mb)  trough  over  the  Gulf  by  as  much 
as  12-24  hr. 
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Iranian  shore  of  the  Gulf,  induce  a  lee  trough  along  the  Iranian  coast,  which 
deforms  the  surface  pressure  gradient  to  a  no rthwes t- so u theas t  orientation  over 
the  Gulf  (see  Figure  3-6).  As  long  as  the  long-wave  upper  trough  remains 
stationary  near  the  Strait  of  Hormuz,  this  pressure  gradient  produces  a  strong 
northwesterly  wind  over  the  Gulf.  Once  the  long-wave  upper  trough  moves  east¬ 
ward  again,  subsidence  in  the  vicinity  of  northern  Saudi  Arabia  lessens,  the 
pressure  gradient  relaxes,  and  the  wind  subsides.  At  this  point,  the  shamal 
has  "broken". 


Figure  3-6.  Typical  surface  pressure  pattern 
during  3-5  day  shamal  with  lee  trough  near 
Iranian  coast  of  Gulf. 


3.5  SIGNIFICANT  MESOSCALE  WEATHER  PHENOMENA 

As  the  shamal  cold  front  sweeps  south  and  eastward  down  the  Gulf,  convec¬ 
tive  cells  in  the  immediate  region  of  the  front  frequently  produce  squally, 
unstable  weather  with  rain  showers  and  thunderstorms.  The  high  resolution  DMSP 
images  shown  as  Figures  A-11  and  A-1 2  in  Appendix  A  (Case  Study  1)  indicate 
intense  convective  activity  in  organized  lines  occurring  ahead  of  the  cold 
front  in  the  northern  Gulf.  Convection  often  is  inhibited  following  cold 
frontal  passage  . 

The  cool  air  which  sweeps  southward  down  the  Ti gri s- Euphrates  valley  behind 
the  cold  front  tends  to  be  dry,  so  that  convection  is  difficult  to  sustain 
following  cold  frontal  passage.  If  a  significant  amount  of  subsidence  occurs 


3-15 


in  the  lower  troposphere  --  directly  following  surface  frontal  passage  --  over 
Saudi  Arabia,  Iraq,  and  the  Persian  Gulf,  convection  over  the  region  will  be 
total  1 y  s  uppress  ed  . 

If,  on  the  other  hand,  the  layer  of  cold  air  behind  the  front  is  unaccom¬ 
panied  by  significant  subsidence  throughout  the  lower  troposphere  (this 
occasionally  happens;  the  onset  of  subsidence  lags  passage  of  the  surface  cold 
front  by  as  much  as  24  hr),  the  initially  cool,  dry  air  behind  the  front  will 
be  modified  from  beneath  as  it  streams  over  the  warm  moist  Gulf  and  convective 
activity  can  recur.  The  air  picks  up  both  sensible  heat  and  moisture  from  the 
Gulf  and  becomes  unstable.  (Figures  A-24  and  A-25  in  Appendix  A  show  the 
effects  of  this  process.)  If  the  process  proceeds  far  enough  before  being 
capped  by  the  onset  of  subsidence,  showers  and  thundershowers  can  develop  in 
the  modified  cool  air  over  the  Gulf  behind  the  cold  front. 

The  northwest  wind  which  sets  in  after  passage  of  the  cold  front  tends  to 
be  strong  and  gusty.  Visibilities  are  reduced  by  salt  spray  haze  raised  by  the 
winds;  this  haze  is  combined  with  dust  and  sand  advected  over  the  waters  of  the 
Gulf  from  the  Ti gri s - Euph rates  valley  to  the  north  and  from  desert  regions  to 
the  west. 

^  Visibility  problems  associated  with  blowing  dust  can  be  especially  severe 

in  the  northern  Gulf.  If  the  shamal  is  the  first  of  the  winter  season,  visibil¬ 
ities  due  to  blowing  dust  may  be  exceptionally  low.  The  strong,  gusty  north- 
westerlies  lift  the  fine  topsoil  of  the  Ti gr i s - E uph r a tes  valley  (dried  by  the 
over  100°F  heat  of  the  previous  summer  season  and  untouched  by  rainfall  since 
the  previous  winter)  and  carry  it,  suspended,  out  over  the  northern  Gulf. 

Similar,  though  less  severe,  low  visibility  conditions  are  produced  in  winter 
when  long  intervals  occur  between  shamals  or  other  ra i n- prod uci n g  systems,  so 
that  little  moisture  remains  to  bind  together  the  fine  topsoil  of  the  fertile 
lower  Tigris-Euphrates  valley. 

3.6  SURFACE  WINDS 

After  onset,  the  prevailing  shamal  direction  is  strongly  influenced  by 
coastal  contours.  In  the  northern  Gulf,  the  general  wind  direction  is  north  to 
we s t- n 0 r t h we s t .  At  mid-Gulf,  shamal  winds  tend  to  be  wes t- no rthwes t  to  north¬ 
westerly.  On  the  southeast  coast  of  the  Gulf,  the  prevailing  s ha mal , d i r ec ti o n 
is  westerly.  Near  the  Strait  of  Hormuz,  shamal  winds  blow  from  the  southwest. 
(This  pattern  is  reflected  in  wind  roses  for  the  winter  months  in  the  Persian 
Gulf,  given  in  Appendix  C.) 

\  In  general  terms,  average  shamal  wind  speeds  range  between  20  and  40  kt. 

A  general  rule  of  thumb  is  to  add  10  kt  to  the  onset  wind  speed  given  by  forecast 
rule  2a  in  Appendix  D  (Forecast  Guidance)  for  average  gusts  and  15  to  20  kt  for 
peak  gusts.  This  seems  to  work  well  for  24-36  hr  shamals. 
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However,  when  the  upper  trough  becomes  stationary  over  or  near  the  Strait 
of  Hormuz,  the  surface  wind  distribution  is  different.  The  shamal  tends  to 
persist  for  3-5  days  with  gale  force  no r thwes terl i es  prevalent  over  the  entire 
Gulf.  Strongest  winds  are  over  the  southern  and  southeastern  Gulf,  where  the 
surface  pressure  gradient  between  the  high  over  Saudi  Arabia  and  the  low  over 
the  Gulf  of  Oman  is  the  tightest.  Average  wind  speeds  in  the  southern  and 
southeastern  Gulf  range  from  30  to  40  kt,  with  peak  winds  in  excess  of  50  kt 
not  uncommon  in  this  type  of  shamal  .  Winds  in  the  northern  Gulf  tend  to  be 
5-1 5  kt  less,  on  average . 

3.6.1  Areas  of  Stronger  than  Normal  Shamal  Winds 

Two  areas  of  the  Gulf  seem  to  experience  stronger  than  average  shamal 
conditions  (as  suggested  by  the  monthly  wind  roses  and  wind  exceedance  graphs  of 
the  wind  climatology  section,  Appendix  C  ).  These  areas  are  depicted  in  Figure 
3-7  . 


Figure  3-7.  Areas  of  stronger  than  normal 
northwesterly  winds  and  higher  seas. 


*The  wind  statistics  in  Appendix  C  may  be  biased  by  considerations  such  as 
differences  in  exposure  of  the  anemometers  used  to  record  the  data  at  each 
location.  Other  evidence,  however,  such  as  wind  reports  from  the  oil  rig 
Seashell  located  between  Halul  Island  and  the  east  shore  of  the  Qatar  Peninsula, 
confirm  that  higher  winds  are  truly  present. 
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One  area  is  near  the  Qatar  Peninsula,  where  higher  shamal  wind  values 
are  reflected  in  the  wind  roses  for  both  Ras  Rakan  at  the  northern  end  of  the 
Peninsula  and  Halul  Island  to  the  east  of  the  Peninsula.  Perhaps  this  local 
anomaly  is  due  to  small  scale  influences  of  the  Qatar  Peninsula,  which  juts  into 
the  Persian  Gulf  on  local  winds.  For  this  region,  a  good  rule  of  thumb  is  to 
add  10-15  kt  to  the  average  wind  forecast  for  the  rest  of  the  Gulf. 

Another  area  where  winds  seem  to  exceed  the  norm  is  near  Lavan  Island; 
higher  than  normal  values  tend  to  occ ur  here  in  late  winter  and  early  spring. 
Accordingly,  forecast  values  for  the  area  near  Lavan  Island  should  be  increased 
bj^l  0^  kt  in  the  late  winter-early  spring  (March)  shamals. 

Wind  speed  anomalies  probably  exist  in  other  areas.  The  shamal,  as 
an  interaction  between  the  synoptic  scale  and  the  mesoscale,  is  highly  subject 
to  modification  by  local  conditions.  As  more  data  are  collected  over  time  in 
specific  areas  of  the  region,  the  local  variations  will  become  clearer. 

3.6.2  Diurnal  Variations  in  Surface  Winds 

Forecasters  with  experience  in  the  Gulf  region  report  that  surface 
winds  intensify  over  open  water  by  day  and  diminish  somewhat  by  night.  However, 
the  detailed  wind  information  for  Ahmadi  Sea  Island  and  Das  Island  (given  in 
Tables  A-1  and  A-2  of  Appendix  A,  Case  Study  1)  seems  to  contradict  this  “rule 
of  thumb"  --  the  wind  maxima  at  these  islands  were  recorded  at  night.  This  may 
have  occurred  because  the  shamal  wind  zone  extended  only  a  short  distance  behind 
the  advancing  cold  front,  and  subsided  within  24  hr  after  the  front  passed  and 
the  ^pper  air  trough  moved  away  to  the  east.  The  time  of  maximum  wind  intensity 
in  such  a  situation  seems  most  likely  to  occur  6-12  hr  after  frontal  passage. 

In  cases  where  the  upper  trough  becomes  stationary  over  or  near  the 
Strait  of  Hormuz,  however,  so  that  the  shamal  extends  over-  3  to  5  days,  diurnal 
effects  would  appear  to  have  some  perceptible  influence.  The  surface  pressure 
gradient  and  the  winds  tend  to  increase  by  day  and  slacken  to  a  small  extent  at 
night.  Typical  differences  between  day  and  night  wind  velocities  are  on  the 
order  of  5-10  kt . 

3.7  SEAS/SWELL 

3.7.1  Seas  (Combined  Sea  Height) 

The  Persian  Gulf  is  shallow  and  highly  stratified,  and  both  of  these 
qualities  can  contribute  to  the  modification  of  the  normal  wind  speed/sea  height 
relationships  applicable  to  the  open  sea.  The  shallowness  of  the  Gulf  --  it  is 
only  240  ft  (73.3  m)  deep  at  its  deepest  point  --  indicates  that  deep  water 


*A11  heights  discussed  are  significant  wave  heights  (H  1/3):  the  average  of  the 
highest  1/3  of  those  observed. 
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wave  approximations  for  wind  speed/wave  height  relationships  are  inappropriate. 
The  appropriate  approximation,  depending  upon  location  in  the  Gulf,  is  either 
that  of  a  shallow  water  wave  or  an  intermediate  depth  wave.  Both  approximations 
imply  steeper  waves  than  expected  over  the  open  sea,  where  deep  water  approxi¬ 
mations  apply.  Also  implied  are  higher  wave  heights  for  a  given  wind  speed  than 
those  found  over  the  open  sea. 

The  stratification  of  the  Gulf,  due  to  an  excess  of  evaporation  over 
precipitation,  also  implies  higher  sea  heights  than  are  found  over  the  open  sea. 
The  resulting  warmth  of  the  Gul f ' s  surface  aids  in  more  efficient  coupling 
through  the  wind  stress  on  the  water  surface.  This  more  e.fficient  coupling  has 
been  shown  to  produce  a  more  effective  transfer  of  kinetic  energy  from  air  to 
s.ea  .  When  the  relatively  cool,  gusty,  northwesterly  winds  of  the  shamal  are 
advected  over  these  warm,  shallow  waters,  a  short-period,  steep  sea  arises 
quickly.  Where  gale  force  winds  blow  persistently  for  as  little  as  12  hr, 

10-12  ft  seas  arise  quickly.  The  wind  speeds  and  sea  heights  reported  by  oil  ^ 
rigs  and  servicing  craft  in  Case  Study  1  confirm  this.  In  areas  that  regularly 
experience  higher  than  average  wind  speeds  during  the  shamal  (those  described 
in  Para.  3.6.1  and  shown  in  Figure  3-7),  the  seas  rise  more  quickly  and  are 
higher.  In  these  areas,  a  good  general  rule  of  thumb  is  to  add  2-4  ft  to  the 
typical  values  given  above. 

If  the  upper  trough  moves  through  the  Gulf  region  quickly  and  smoothly 
(the  24-36  hr  shamal),  the  strong  wind  zone  over  the  Gulf  is  advected  south¬ 
eastward  with  the  surface  cold  front.  This  strong  wind  zone  extends  from  the 
frontal  position  back  to  the  northwest.  Although  the  strong  winds,  blowing  for 
only  a  short  period  of  time,  quickly  raise  significant  seas,  combined  sea  heights 
may  be  limited  by  fetch  (particularly  in  the  northern  Gulf)  and  by  duration  of 
the  strong  winds  at  a  given  point  as  the  strong  wind  zone  behind  the  front  moves 
so  utheas  twa  rd  . 

If  the  3-5  day  shamal  occurs  (the  upper  trough  stalls  over  the  Strait 
of  Hormuz,  or  moves  very  slowly  through  the  Gulf  region),  the  combined  sea 
height  will  increase  further,  particularly  in  the  southern  Gulf.  Three  factors 
combine  to  produce  significant  combined  sea  heights  of  up  to  12-15  ft  and  more 
i n  the  southern  Gul f ; 

^  (1)  The  increase  in  wind  speed  in  the  southern  Gulf;  this  contributes 

to  higher  locally  generated  seas  there. 

(2)  The  longer  duration  of  gale  force  winds  over  the  whole  Gulf; 

the  northern  portion  of  the  Gulf  becomes  a  generating  area  for  swell  which  runs 
down  into  the  southern  Gulf. 

(3)  The  lack  of  fetch  limitation;  the  entire  length  of  the  Gulf 
experiences  at  least  gale  force  winds  with  the  strongest  winds  in  the  southern 
Gulf. 
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Because  of  (2)  and  (3),  the  southern  part  of  the  Gulf  also  experiences 
a  longer  period  of  residual  swell  decay  after  the  3-5  day  shamal  subsides. 

3.7.2  Residual  Swell 

Following  the  end  of  24-36  hr  shamals,  swells  typically  decay  rapidly 
to  2-4  ft  within  24  hr  after  the  winds  subside. 

Following  the  end  of  the  3-5  day  shamals,  residual  swell  may  persist 
for  up  to  three  days.  If  12-15  ft  seas  have  previously  been  generated  along 
the  whole  length  of  the  Gulf,  the  significant  swell  heights  typically  decay  in 
the  southern  Gulf  to  6-8  ft  on  the  second  day,  3-5  ft  on  the  third  day,  and 
1-3  ft  on  the  fourth  day. 

In,  and  to  the  southeast  of,  the  areas  of  higher  than  normal  winds 
discussed  in  Section  3.6.1  and  shown  in  Figure  3-7,  the  swells  take  longer  to 
decay.  Following  the  end  of  the  24-36  hr  shamal,  swells  typically  decay  to 
4^6  ft  on  the  first  day,  and  to  2-4  ft  on  the  second  day.  Following  the  end 
o*f  the  3-5  day  shamal,  swells  typically  decay  to  8-10  ft  on  the  second  day, 

5-7  ft  on  the  third  day,  3-5  ft  on  the  fourth  day,  and  1-3  ft  on  the  fifth  day. 

3.8  TURBULENCE 

Significant  turbulence  can  be  associated  with  the  shamal  at  lower  and 

•k 

upper  levels  of  the  troposphere. 

3.8.1  Low  Level  Turbulence 

Low  level  turbulence  (that  occurring  in  the  first  few  thousand  feet 
above  the  surface)  can  be  associated  with  the  shamal  during  three  distinct  time 
periods:  prior  to  the  passage  of  the  cold  front  which  initiates  the  shamal,  in 
association  with  the  cold  front  itself,  and  after  the  cold  front  has  passed 
through  the  Gulf  region. 

3. 8. 1.1  Prior  to  Cold  Front  Passage 

Prior  to  the  passage  of  the  cold  front,  the  southerly  wind  known  as 
the  Kaus  frequently  occurs.  The  Kaus  winds  are  "channeled"  by  the  Zagros 
Mountains  (see  Section  3.3.1  and  Figure  3-2)  to  cause  a  zone  of  higher  wind 
speeds  at  low  levels  on  the  eastern  side  of  the  Gulf.  Speed  shears,  therefore,  ' 
are  likely  to  be  found  both  to  the  west  of  the  lower  level  maximum  wind  zone 
near  the  surface,  and  vertically  just  above  the  wind  zone  maximum.  Such. speed 
shears  imply  light  to  moderate  turbulence,  particularly  when  the  low  level  wind  • 
maximum  approaches  gale  force  (28-47  kt). 


*See  Appendix  D,  Forecast  Guidance,  rules  11  and  12. 
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As  discussed  in  Section  3.3.3  and  indicated  on  Figures  A-14  and  A-15, 
lines  of  severe  thunderstorm  and  rainshower  activity  may  occur  just  ahead  of 
the  cold  front,  particularly  in  the  northern  Gulf.  Locally  severe  turbulence 
is  implied  in  and  near  these  organized  convective  cells  throughout  the 
troposphere. 

3. 8. 1.2  Associated  with  the  Cpld  Front 

Rainshower  and  occasionally  thundershower  activity  occur  in  conjunc- 
*tion  with  the  convective  clouds  that  are  part  of  the  advancing  cold  front  which 
marks  the  onset  of  the  shamal .  Near  and  in  these  convective  cells,  moderate 
-to  locally  severe  turbulence  is  implied. 

3. 8. 1.3  After  Cold  Front  Passage 

The  shamal  wind  is  strong  and  gusty  (Section  3.5).  Gustiness, 
particularly  when  associated  with  wind  at  or  near  gale  force,  implies  light  to 
moderate  turbulence  in  the  lowest  few  thousand  feet  of  the  atmosphere.  Satel¬ 
lite  imagery,  particularly  high  resolution  DMSP  imagery,  can  aid  in  pinpointing 
the  more  severe  occurrences  of  this  sort  of  low  level  turbulence. 

As  indicated  in  Figures  A-24  and  A-25  and  on  Figures  B-13,  B-18,  B-23, 

and  B-30,  instability  cumulus  frequently  form  over  the  Gulf  after  the  cold 

front  has  passed  through,  the  result  of  relatively  cold  air  streaming  over  the 

* 

warmer  Gulf  waters.  The  lower  few  thousand  feet  of  the  atmosphere  can  become 
particularly  unstable  under  these  conditions  to  produce  "bumpy"  conditions 
which  could  adversely  affect  the  performance  of  low-flying  aircraft  such  as 
helicopters. 

The  occurrence  of  instability  cumulus  is  associated  with  the  advection 
of  cold  air  at  lower  levels  over  the  Gulf,  during  the  first  24  hours  or  so  of 
the  shamal.  If  the  shamal  persists  for  3-5  days,  additional  occurrences  of 
instability  cumulus  seem  to  be  associated  with  short  waves  in  the  upper  air  that 
move  through  the  stalled  long-wave  position  (see  particularly  Section  B.4  of 
Appendix  B,  which  discusses  the  occurrence  of  this  phenomenon  in  detail,  in 
conjunction  with  the  satellite  image  depicted  in  Figure  B-23).  By  closely 
monitoring  available  DMSP  imagery  the  forecaster  can  identify  those  situations 
which  enhance  the  likelihood  of  low  level  turbulence. 

Another  part  of  the  Gulf  with  low  level  turbulence  potential  i$  the 
area  on  the  eastern  side  of  the  Gulf  near  the  Zagros  Mountains.  Data  depicting 
low  level  wind  trajectories  during  the  shamal  are  limited;  accordingly,  direct 


*See  Appendix  A  and  Appendix  B  for  detailed  discussions  of  this  phenomenon,  in 
terms  of  the  interrelationships  between  the  satellite  images,  and  surface  and 
upper  air  data. 
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inferences  about  low  level  flow  are  also  limited  to  those  which  may  be  drawn 
from  the  orientation  of  the  post-frontal  instability  cumulus.  However,  it  is 
not  unreasonable  to  assume  that  while  the  shamal  blows,  some  air  at  low  levels 
is  drawn  from  the  Iranian  plateau  s o uthwes twa rd  to  merge  with  the  prevailing 
low  level  northwesterly  air  flow  over  the  Gulf. 

Linder  these  conditions  if  the  speed  of  the  air  flowing  over  the  crest 
of  the  Zagros  Mountains  approaches  gale  force,  moderate  or  greater  intensity 
mechanical  turbulence  may  be  encountered  in  the  lee  (to  the  west)  of  the  Zagros 
Mountains.  This  condition  can  be  expected  particularly  during  the  extended 
3-5  day  shamal  . 

3.8.2  Upper  Level  Turbulence 

Significant  turbulence  also  can  be  associated  with  the  upper  air 
pattern  of  the  shamal.  Some  turbulence  may  be  associated  with  the  anticyclonic 
subtropical  jet,  whose  mean  position  is  indicated  in  Figure  3-8. 


Figure  3-8.  Mean  subtropical  jet  stream  for  winter  1955-1956. 
Isotach  analysis  at  200  mb,  drawn  every  50  kt.  Mean  latitude 
of  jet  axis  is  27.5°N.  (After  Reiter,  1969.) 


When  the  polar  jet  dips  southward  over,  or  just  to  the  north  of,  the 
Persian  Gulf  in  association  with  the  onset  of  the  shamal,  a  complex  interaction 
between  the  polar  and  subtropical  jets  may  occur.  In  some  instances,  the  jets 
may  overlay  one  another,  as  suggested  by  Reiter  (197-2);  in  other  situations, 
the  two  jet  regimes  may  both  occur  over  the  Gulf,  separate  but  proximate  (see 
Figures  3-9  and  3-10). 

When  the  polar  jet  invades  the  Gulf  region,  it  tends  to  depress  the 
subtropical  jet  further  southward.  In  forecasting,  this  implies  that  some 
turbulence  may  be  expected  at  or  near  the  area  of  the  mean  subtropical  jet 
position  when  the  shamal  is  absent  (particularly  if  the  cloud  "signature"  of 
the  jet  can  be  discerned  'from  a  satellite  image).  (Figure  B-6  in  Appendix  B 
shows  the  subtropical  jet  on  DMSP  visible  imagery  near  its  climatological 
position.)  As  the  shamal  sets  in,  a  broadened  and  more  intense  turbulence  area 
is  likely,  and  the  area's  extent  can  be  moved  southward  to  coincide  with  the 
equatorward  displacement  of  the  subtropical  jet. 
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Figure  3-9.  Subtropical  jet  overlays  polar  jet. 


Figure  3-10.  Polar  and  subtropical  jets 
separate  but  proximate. 


I 
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Table  3-1  and  Figure  3-11  (after  Stranz,  1970)  constitute  a  typical 
space-time  cross  section  from  an  aircraft  report  of  winds  and  turbulence  at 
20,000  ft  (6096  m),  near  but  below  the  location  of  the  jet  axis  during  a  winter 
shamal  situation.  The  aircraft  appears  to  be  flying  beneath  the  jet  core  in  a 
region  of  strong  vertical  shear.  Strongest  turbulence  effects  are  generally 
encountered  when  the  flight  path  is  normal  to  the  jet  stream  axis;  the  angle 
the  aircraft  makes  with  the  jet  stream  axis  (in  Stranz's  example)  is  close  to 
90°.  Stranz's  data  is  plotted  in  Figure  3-11  with  positions  of  the  polar  and 
subtropical  jet,  as  suggested  by  Reiter's  (1972)  model. 

Turbulence  at  all  levels  of  the  troposphere  may  also  be  induced  by 
mountains  in  the  Persian  Gulf  region.  Examples  of  mountain  waves  in  the  area 
surrounding  the  Persian  Gulf  are  observed  in  the  DMSP  imagery  presented  in 
Appendices  A  and  B . 

Figure  A-14  shows  mountain  waves  induced  by  the  subtropical  jet  as  it 

passes  over  the  Hejaz  Mountains  (which  are  located  along  the  western  edge  of  the 

Arabian  peninsula)  and  as  it  passes  over  the  southern  port ion  of  the  Zagros 
Mountains  (to  the  east  of  Baudar  Abbas  and  to  the  north  of  the  Gulf  of  Oman). 

A  particularly  striking  example  of  mountain  wave  clouds  is  shown  at  Area  I  in 
Figure  B-23.  The  polar  jet,  depressed  southward  to  a  position  of  the  southern 
Persian  Gulf  in  association  with  the  extended  3-5  day  shamal,  induces  the  wave 
clouds  over  the  northern  portion  of  the  Gulf  of  Oman  (just  to  the  south  of  the 
Strait  of  Hormuz)  as  the  air  streams  over  the  northern  part  of  the  Hajar 
Mountains.  The  orientation  of  the  northern  part  of  the  mountain  chain,  in  this 
instance,  is  nearly  at  right  angles  to  the  wind  flow. 

Moderate  to  severe  turbulence  can  be  expected  downstream  of  the 
mountains  in  the  region  where  the  waves  form,  from  an  altitude  well  below  the 

height  of  the  mountain  peaks  --  in  some  instances,  all  the  way  down  to  the 

surface  of  the  downstream  terrain  --  extending  upward  to  as  high  as  jet  s'tream 
altitudes.  The  altitude  range  of  the  occurrence  is  a  function  of  local-  atmos¬ 
pheric  stability,  and  other  factors,  such  as  wind  speed  and  direction,  specific 
terrain  configuration,  and  vertical  wind  profile. 
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Table  3-1.  Debrief  Aircraft,  14  Dec  1970,  Bahrain. 


GMT 

Pos i tion 

Altitude  (ft)* * 

Wind 

Temperature  (°C) 

1845 

28°30'N,  51°40' 

E 

19  ,000 

250°  95  kt 

-15 

1900 

29°32  N,  52°38 

E 

20  ,000 

250°  100  kt 

-19 

1920 

31°  to  32°N 

wind  shear, 
very  heavy 
CAT** 

1930 

32°N,  52°E 

20  ,000 

295°  25  kt, 
moderate  CAT 

-35 

2000 

35°N,  50°22'E 

20  ,000 

360°  25  kt, 
light  CAT 

-35 

201  5 

36°N,  49°E 

20  ,000 

moderate  CAT 

2030 

37°N,  47°E 

20  ,000 

355°  40  kt 

-32 

2100 

37°33'N,  45°04 

'  E 

20  ,000 

340°  45  kt 

-28 

2130 

38°30'N,  42°16 

'  E 

20  ,000 

335°  40  kt 

-28 

2200 

38°36'N,  39°18 

E 

20  ,000 

335°  40  kt 

-28 

2230 

38°N,  38°40  E 

20  ,000 

340°  20  kt 

-24 

SIGMET  (morning  of  15  Dec  1970):  "VERY  HEAVY  CLEAR  AIR  TURBULENCE  REPORTED 

MD  forecast  for  low  LEVELS  OVER  THE  PERSIAN  GULF."  


*19,000  ft  =  5791  m  **CAT  -  Clear  Air  Turbulence 

20,000  ft  =  6096  m 


Figure  3-11.  Pilot  report 
after  Stranz  (1970). 

The  subtropical  jet 
overrides  the  polar  jet, 
as  suggested  by  Reiter's 
model  .  (See  Fi gure  3-9  . ) 


3-25 


REFERENCES 


Anderson,  R.K.,  et  a1.,  1974:  Application  of  meteorological  satellitedata  in 
analysis  and  forecasting.  NOAA ,  Washington,  D.C.  Reprint  of  ESSA  Tech. 
Rept.  NESC  51,  incl.  Supplements  1,  Nov  1971,  and  2,  Mar  1973.  (Also 
available  as  Air  Weather  Service  Tech.  Rept.  212.) 

Defense  Mapping  Agency  Hydrographic  Center:  Standard  Time  Zone  Chart  of  the 
World,  Washington,  D.C. 


Petals,  P.J.,  1  973:  The  role  of  deep  convection  and  strong  winds  aloft  in 
triggering  gales  over  the  Persian  Gulf:  Comparative  case  studies.  Mon. 
Wea .  Rev  .  ,  101,  No . 455-460. 

God^v,  H.,  1970:  On  the  cyclogenetic  nature  of  the  Earth's  orographic  form. 
'  /  Arch.  Meteor.  Geophys  Bioklim ,  Ser  A,  19,  299-310. 


Godev,  H.,  1971:  The  cyclogenetic  properties  of  the  Pacific  Coast:  Possible 
source  of  errors  in  numerical  weather  prediction.  J.  Atmos.  Sci.,  28, 
968-972. 


Hess,  H.L.,  1959:  Introduction  to  theoretical  meteorology.  New  York:  Holt, 
Rinehart  and  Winston,  pp  297-302. 

Hibbert,  D.L.,  1966:  Weather  forecast  services  for  offshore  oil  operations. 
(/  Weather ,  21,  No.  4,  114-119. 


Oil  Companies'  Weather  Co-Ordination  Scheme,  1  974:  Handbook  o.f  weather  in  the 
Gulf,  surface  wind  data.  London:  IMCOS  Marine  Ltd.,  101  pp  . 

Reiter,  E.R.,  1969:  Atmospheric  transport  processes,  part  1:  energy  transfers 
and  trans  formati ons ,  AEC  Critical  Review  Series,  USAEC  Report  TID-24868. 


Reiter,  E.R.,  1972:  Atmospheric  transport  processes,  part  3:  hydrodynamic 
tracers  ,  AEC  Critical  Review  Series,  USAEC  Report  TID-257  31. 


Stranz,  D.,  1970:  Strong  shamal  in  the  Arabian  Gulf.  Ri  vista  Di  Geofisica,  22,^ 
No.  5/6,  296-298. 


Stranz,  D.,  1973:  Ein  ausgepragter  schamal  im  Arabischen  Golf.  Der  Seewart,  7 
34,  No.  4,  138-146. 


Tracton,  M.S.,  197-3:  The  role  of  cumulus  convection  in  the  development  of 

extratro  pi  cal  cyclones.  Mon.  Wea.  Rev.,  1  01  ,  537-  592. 
o  - 

U.S.  Air  Force,  1969:  Use  of  the  Skew  T,  Log  P  diagram  in  analysis  and  fore- 

casti  ng .  Air  Weather  Service,  AWSM  1  05-1  24,  pp.  4-13  -  4-15  (Itso - 

available  as  NAVAIR  50-TP-5.) 

U.S.  Naval  Oceanographic  Office,  1960:  Sailing  directions  for  the  Persian  Gulf 
Fifth  ed.,  Washington,  D.C.,  50-52.  - - ' 


U.S. 


Navy,  1  968:  Cl e  a  r -  a i 
prediction  techniques 

137(11) ,  13-15. 


r  turbulence.  Part  II:  a _ survey  of  contemporary 

and  recommended  operational  procedure.  NWRF  15-0568- 


Ref-1 


U.S.  Navy, 

10362 

U.S.  Navy, 

10363 


,;i  i. 

i 

1974:  lAeroqrapher 's  Mate  1  and  G  Rate  Training  Manual.  NAVEDTRA 
B,  52-55. 

1  976:  Aerc^gjpher 's  Mate.^lUit  Training  Manual.  NAVEDTRA 

E,  236-238 .  -  “  'T~= 


Ref-2 


.J 


APPENDIX  A  -  CASE  STUDY  1 

TYPICAL  SYNOPTIC  SEOUENCE  OF  THE  24-36  HOUR  SHAMAL 


This  case  study  describes  a  January  1974  synoptic  sequence  .which  is  typical 
of  the  24-36  hr  shamal  (see  discussion  in  Para.  3.1.2).  Where  appropriate  to 
the  case  study,  surface  charts  drawn  at  3-hr  intervals  are  included  to  depict 
"the  movement  down  the  Persian  Gulf  of  the  cold  front  that  precedes  the  onset  of 
the  shamal.  These  detailed  s ur f ac e.  cha rts  will  acquaint  the  user  with  the  meso- 
scale  wind  and  wave  structures  that  accompany  shamal  occurrences. 

Some  of  the  observations  used  to  develop  the  analyses  are  not  available  on 
standard  weather  collectives.  They  were  recorded  by  professional  meteorologists 
and  by  trained  oil  company  observers  (Hibbert,  1966)  in  support  of  commercial 
oil^drilling  operations. 

Combined  sea  heights  expressed  as  ranges  of  heights  in  feet  (e.g.,  2-4  ft) 
are  also  included  on  surface  charts.  It  has  been  the  experience  of  local 
observers  that  the  first  number  tends  to  indicate  the  significant  combined  sea 
height  (H  1/3)  (the  average  of  the  highest  one-third  of  waves  observed).  The 
second  number  seems  to  be  an  imperfect  approx i mat ion  to  another  commonly 
encountered  measure  of  wave  height,  H  1/10,  the  average  of  the  highest  one-tenth 
of  the  waves  observed.  In  the  wave  heights  presented  on  these  surface  charts, 
the  second  figure  seems  to  be  an  underestimate  of  the  H  1/10  that  might  be 
expected  from  wind-wave  theory.  If  only  one  height,  is  given,  it  indicates  an 
H  1/3  (i.e.,  significant  combined)  observation. 

This  case  study  is  presented  in  five  steps  of  synoptic  development  (Paras. 
A.1-A.5)  and  a  summary  of  important  points  (Para.  A. 6).  The  texts  for  steps  3, 
4,  and  5  are  subdivided  into  two  parts:  synoptic  discussions,  and  satellite  data 
interpretation.  The  quoted  statements  of  conditions  that  introduce  each  step 
are  taken  from  the  discussions  presented  in  the  main  body  of  the  report,  P-ara  . 
3.1  . 


Constant  pressure  500  mb  analyses  are  provided  to  illustrate  general 
surface/upper  air  relationships  discussed  in  the  main  body  of  this  report;  some 
analyses  at  700  mb  and  200  mb  are  also  included.  DMSP  satellite  images  are 
provided  to  enrich  the  surface  and  upper  air  analyses.  In  a  data-sparse  region 
like  the  Persian  Gulf,  such  satellite  data  may  help  to  fill  the  gaps  left  by 
inadequate  surface  and  upper  air  data. 
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A.l  STEP  ONE 


"An  upper  trough  is  reflected  in  a  surface  low  advected  over  Syria  from  the 
eastern  Mediterranean  area"  (ref.  Figure  3-la). 

On  20  Jan  1974,  a  sharp  upper  trough  located  over  the  eastern  Mediterranean 
Sea  moved  slowly  eastward.  An  associated  surface  low  moved  with  the  upper 
trough  from  the  vicinity  of  37°N,  32°E  at  20/00Z  into  Syria  (near  35°N,  38°E  at 
21/12Z).  Both  features  then  remained  quas i - s ta ti o nary  over  Syria  until  early  on 
24  Jan  (Figures  A-1  through  A-8,  500  mb  upper  air  analyses).  The  surface  low 
was  positioned  to  the  east  of  the  upper  air  trough  and  moved  eastward  ahead  of 
the  trough  as  the  trough  moved  from  the  Mediterranean  into  Syria.  Surface  low 
positions  are  indicated  by  dots,  and  long  wave  trough  positions  by  shaded  bars, 
on  these  fi gures . 

The  sequence  in  Figures  A-1  through  A-8  also  illustrates  the  tendency 
of  the  upper  air  long  wave  trough  to  favor  a  position  near  the  eastern 
Mediterranean  shore  (as  described  in  Para.  3.3.4  and  illustrated  in  Figures  3-5a 
through  3-5e).  A  series  of  short  waves  moved  through  the  long  wave  position 
(over  the  eastern  coast  of  the  Mediterranean  Sea)  before  the  long  wave  trough 
position  moved  eastward  at  OOZ  on  24  January.  Movements  of  the  short  waves  A, 

B,  C,  and  D  are  indicated  in  Figures  A-3  through  A-8  by  circled  letters. 
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Figure  A-1  .  500  mb  analysis,  20  Jan  1  974  OOOOZ. 
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Figure  A-2.  500  mb  analysis,  20  Jan  1974  1200Z. 
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Figure  A-3.  500  mb  analysis,  21  Jan  1974  OOOOZ. 
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Figure  A-4 .  500  mb  analysis,  21  Jan  1974  1200Z. 
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Figure  A-5  .  500  mb  analysis,  22  Jan  1  974  OOOOZ. 
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Figure  A-6  .  500  mb  analysis,  22  Jan  1  974  1  200Z. 
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Figure  A-7.  500  mb  analysis,  23  Jan  1974  OOOOZ. 
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Figure  A-8,  500  mb  analysis,  23  Jan  1974  1200Z. 


A  .2  STEP  TWfi 

"The  upper  trough  and  associated  surface  low  move  eastward,  A  surface 
cold  front  extends  south.,  then  west,  from  the  low.  A  second  low  moves  eastward 
across  Saudi  Arabia  from  the  Red  Sea.  The  Kaus,  a  southeasterly  wind,  occurs 
in  the  Gulf"  (ref.  Figure  3-lb). 

The  500  mb  upper  air  trough  began  to  move  eastward  again  at  OOZ  on  24  Jan 
(Figure  A-9).  Two  surface  lows  appeared,  one  near  the  500  mb  center  and 
■  another  to  the  east  of  the  500  mb  upper  trough  axis.  A  surface  low  pressure 
'  'trough  was  also  located  over  Saudi  Arabia  at  OOZ,  centered  near  22°N,  50°E 
(Fi gure  A-1 0 )  . 

A  moderate  southerly  wind  (the  Kaus)  set  in  over  the  Gulf  ahead  of  the 
approaching  cold  front,  as  indicated  in  the  06Z  surface  analyses  (Figures  A-11 
a  n  d  A  - 1  2  b  )  . 


A-11 


A-12 


Figure  A-9.  500  mb  analysis,  24  Jan  1974  OOOOZ. 
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Figure  A-10.  Surface  analysis,  24  Jan  1974  OOOOZ. 
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Figure  A-11,  Surface  analysis,  24  Jan  1974  0600Z. 


A. 3  STEP  THREE 


A. 3.1  Synoptic  Discussion 

"The  upper  trough'moves  eastward;  a  new  low  forms  on  the  front  in  the 
general  area  as  far  north  as  the  southern  Ti gri s-Euphrates  valley  and  as  far 
south  as  the  central  Persian  Gulf.  The  original  low  fills  over  northern  Iraq 
or  retains  some  surface  identity  as  it  is  advected  with  the  upper  trough  to  the 
northeast  toward  the  Caspian  Sea.  Subsidence  in  the  lower  troposphere  induces 
a  surface  high  pressure  area  over  northern  Saudi  Arabia. 

"A  strong  but  shallow  northwesterly  airstream  sets  in,  west  of  the  new' 
surface  low.  This  the  winter  shamal  ,  which  produces  gale  force  winds,  raises 
a  short-period,  steep  sea,  sets  off  thunderstorms,  and  advects  dust  and  sand 
over  the  Persian  Gulf  to  sharply  reduce  visibilities"  (ref.  Figure  3-lC). 

Cyclogenesis  occurred  over  the  lower  Tigris-Euphrates  valley  near  33.5°N, 
45.5°E  (Figure  A-11).  At  06Z  on  24  Jan,  the  new  low,  over  western  Iran  near 
32.5°N,  49°E,  was  deeper  than  the  original  surface  low  over  central  Iraq  near 
34°N,  44°E.  Based  on  additional  information  provided  by  DMSP  satellite  images 
at  24/0838Z,  a  decaying  surface  cold  front  was  linked  to  the  original  surface 
low  over  central  Iraq;  and  a  second,  developing  cold  front  was  linked  to  the 
newly  formed  low  over  western  Iran.  The  developing  cold  front  pushed  out  over 
the  northwestern  portion  of  the  Gulf  at  06Z  and  swept  down  the  Gulf,  as  shown 
on  the  detailed  surface  analyses  for  09Z,  12Z,  and  15Z  (Figs.  A-12c-e).  The 
gale  force  northwesterl i es  which  set  in  behind  the  cold  front  formed  the  winter 
shamal  . 

By  12Z  on  24  Jan  (Figure  A-12),  the  original  surface  low,  then  over  western 
Iran  near  34°N,  47.5°E,  filled  to  the  extent  that  it  became  little  more  than  a 
surface  reflection  of  the  24/12Z  500  mb  upper  trough  (Figure  A-13).  The  newly 
developed  surface  low  continued  to  deepen  and  moved  eastward  over  central  Iran. 
At  24/12Z,  it  was  located  near  32.5°N,  53.5°E.  The  cold  front  from  this  low 
extended  southward  over  the  central  Persian  Gulf,  and  thence  so uthwes tward 
across  central  Saudi  Arabia.  By  24/12Z,  surface  pressures  had  begun  to  rise 
over  northern  Saudi  Arabia  to  the  rear  of  the  cold  front. 

A  detailed  examination  of  the  24  Jan  sequence  is  suggested  (Figures 
A-12a-e).  Note  the  contrast  between  the  light  to  moderate  southeasterly  wind 
conditions  (Kaus)  which  precede  the  penetration  of  the  cold  front  into  the  Gulf, 
and  the  suddenness  and  intensity  with  which  gale  force  shamal  northwesterl i es 
occur  at  and  behind  the  cold  front.  These  gale  force  no rthwes terl i es  are  rare 
events;  they  occur  less  than  5%  of  the  time  in  winter  at  most  Gulf  locations. 
These  twin  characteristics  of  rarity  and  suddenness  in  onset  dramatically 
highlight  the  operational  significance  of  the  shamal  gale  force  no rthwes te rl i es 
when  compared  to  the  normally  light  to  moderate  winter  wind  conditions  in  the 
Persian  Gulf. 
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Also  of  interest  is  the  velocity  with  which  the  front  propagates  down  the 
Gulf:  in  excess  of  40  kt.  This  velocity  is  not  at  all  inconsistent  with  the 
gale  force  winds  near  the  surface  which  propelled  the  front  southeastward. 

These  gale  force  northwesterly  winds  appear  in  this  case  to  blow  through  a 
relatively  shallow  layer.  A  comparison  of  the  24/12Z  surface  analysis  with  the 
24/12Z  500  mb  analysis  (Figure  A-13)  shows  surface  winds  to  be  northwesterly 
behind  the  cold  front  but  southwesterly  at  500  mb,  because  the'  upper  trough  has 
not  yet  moved  eastward  over  the  Gulf. 

Hour-by-hour  wind  averages  taken  from  anemographs  onAhmadi  Sea  Island 
near  Kuwait  in  the  northern  Gulf  (Table  A-1.)  and  Das  Island  near  25°N,  53°E  in 
the  southern  Gulf  (Table  A-2)  indicate  the  onset  of  the  shamal .  In  the  north, 
onset  of  the  shamal  was  comparatively  abrupt  and  occurred  between  24/06Z  and 
24/08Z.  In  the  south,  the  wind  veered  more  gradually  than  in  the  north.  A 
northwesterly  direction  was  established  at  Das  Island  by  24/14Z. 

Seas  rose  rapidly  in  response  to  the  action  of  the  gale  force  winds  over 
the  shallow,  warm  waters  of  the  Gulf.  Combined  sea  heights  of  5-6  ft  were 
reported  at  AOC  Gathering  Station  (southeast  of  Kuwait  and  near  28.5°N,  49°E) 
shortly  after  the  shamal  began  at  24/09Z  (Figure  A-12c);  they  rose  to  8-12  ft 
only  three  hours  later  at  24/12Z  (Figure  A-12d).  Rigs  in  the  vicinity  of  Ras 
Tanura,  near  26.5°N,  50E  in  the  central  Gulf,  reported  7-10  ft  combined  sea 
heights  within  hours  of  the  cold  frontal  passage  and  the  onset  of  the  shamal 
(Figure  A-12d).  By  24/15Z,  observers  at  oil  rig  Seashell  --  located  east  of 
the  Qatar  Peninsula  at  approximately  25.5°N,  52°E  in  a  region  subject  to  partic¬ 
ularly  strong  wind  conditions  --  reported  12-15  ft  combined  sea  heights  under 
40-50  kt  northwest  winds  (Figure  A-12e).  Although  these  observations  may  have 
reflected  some  overestimation,  they  nonetheless  illustrate  graphically  the  rapid 
response  of  Gulf  waters  to  the  sudden  surface  stress  applied  by  the  gale  force 
northwesterly  winds  of  the  shamal. 

Thunderstorms  occurred  ahead  of  the  cold  front;  they  are  apparent  from 
surface  observations  near  30°N,  50°E  at  24/06Z  and  24/09Z  (Figures  A-12b  and 
A-12c).  Some  past  thundershower  activity  is  also  indicated  in  the  same  area  at 
24/12Z  (Fi gure  A-1 2d)  . 

Reductions  in  surface  visibility  due  to  dust,  haze,  and  blowing  sand 
raised  by  the  gale  force  winds  behind  the  cold  front  are  indicated  in  several 
areas:  on  the  24/09Z  surface  analysis.  Figure  A-12c,  at  Ras  al  Khafji  near 
28.5°N,  48.5°E  on  the  northwestern  shore  of  the  Gulf,  just  south  of  Kuwait;  on 
the  24/12Z  surface  analysis.  Figure  A-12d,  at  Ras  al  Khafji  and  AOC  Gathering 
Station  in  the  Gulf  just  to  the  east  of  Ras  al  Khafji;  and  on  the  24/15Z  surface 
analysis.  Figure  A-12e,  in  the  southern  Gulf  at  Doha  near  25.5°N,  51.5°E  and 
Umm  Said  near  24.5°N,  51.5°E  (both  on  the  eastern  shore  of  the  Qatar  Peninsula), 
and  further  east  at  Das  Island  near  25°N,  53°E. 
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Table  A-1 .  Hourly  winds  reported  at  Ahmadi  Sea  Island  for  24  June  1974. 


LT 

(LT=GMT+3) 

0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1  000 
1 1  00 
1  200 
1  300 
1400 
1500 
1  600 
1  700 
1800 
1  900 
2000 
2100 
2200 
2300 


GMT 


23/2200Z 

23/2300Z 

24/OOOOZ 

24/OlOOZ 

24/0200Z 

24/0300Z 

24/0400Z 

24/0500Z 

24/0600Z 

24/0700Z 

24/0800Z 

24/0900Z 

24/lOOOZ 

24/1 1 OOZ 

24/1 200Z 

24/1 300Z 

24/1 400Z 

24/1 500Z 

24/1 600Z 

24/1 700Z 

24/1 800Z 

24/1 900Z 

24/2000Z 


Direction 

(°) 

060 
070 
1  00 
1  30 
140 
140 
1  20 
210 
220 
290 
300 
300 
290 
290 
280 
280 
280 
280 
300 
270 
260 
270 
280 


Mean  Speed 
( kt) 

8 

7 

7 

11 
13 
1 1 
6 
7 
1  3 
20 
20 
20 
36 
33 
26 

30 

31 
26 
22 

31 
28 
33 

32 


Max  Gusts 
( kt) 

11 
9 
9 
19 
24 
1  6 
1  2 
1  4 
26 
28 
31 
35 
49 
48 
39 
42 
42 
38 
34 
46 
42 
48 
42 


Tabl e  A-2 . 


Hourly  winds  reported  at  Das  Island  for  24  June  1974. 


LT 

(LT=GMT+4) 

0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1  000 
1 1  00 
1  200 
1  300 
1400 
1  500 
1  600 
1  700 
1  800 
1  900 
2000 
2100 
2200 
2300 


GMT 


23/21 OOZ 

23/2200Z 

23/2300Z 

24/OOOOZ 

24/OlOOZ 

24/0200Z 

24/0300Z 

24/0400Z 

24/0500Z 

24/0600Z 

24/0700Z 

24/0800Z 

24/0900Z 

24/1 OOOZ 

24/1 lOOZ 

24/1 200Z 

24/1 300Z 

24/1 400Z 

24/1 500Z 

24/1600Z 

24/1 700Z 

24/1 800Z 

24/1 900Z 


Direction 

(°) 

080 
080 
080 
090 
090 
1  20 
140 
1  50 
1  60 
1  60 
1  80 
190 
230 
230 
230 
240 
290 
31  0 
310 
320 
31  0 
300 
300 


Mean  Speed 
(kt) 

1  6 
1  6 
1  4 
1  5 
1  5 
1  5 
1  5 
16 
1  5 
14 
14 
10 
9 

10 
10 
1  3 
1  3 
22 
24 
24 
24 
26 
28 


Max  Gusts 
(kt) 

20 
20 
1  9 
1  8 

19 
1  8 
1  9 

20 
19 
19 
1  8 
1  6 
1  2 
1  3 
14 
19 
34 
33 

37 
36 

38 

40 

41 


*Local  time/GMT  differences  vary  in  the  Persian  Gulf  region.  For 
detailed  information  consult  the  Standard  Time  Zone  Chart  of  the 
World,  published  by  the  Defense  Mapping  Agency  Hydrographic  Center, 
Washington,  D.C.  20390. 
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A. 3. 2  Satellite  Data  Interpretation 


Satellite  data,  particularly  from  high  resolution  sensors  such  as  those 
aboard  the  DMSP  system,  can  provide  valuable  supplementary  information  to 
analysts  and  forecasters  in  the  Persian  Gulf  region.  In  the  following 
discussion,  the  figures  referenced  are  the  surface  analyses  discussed  above 
(Figures  A-10,  A-11,  A-1 2a  ,b  ,c  ,  d )  ;  the  700  mb  analysis  at  24/OOZ  (Figure  A-16); 
the  500  mb  analyses  at  24/OOZ  and  24/12Z  (Figures  A-9  and  A-13);  and  the  200  mb 
analyses  at  24/OOZ  and  24/12Z  (Figures  A-17  and  A-18). 

Vortex  A  in  the  left  central  portion  of  the  visible  and  infrared  satellite  ’ 
images  (Figures  A-14  and  A-15,  made  at  24/0838Z)  is  the  original,  decaying 
surface  low.  Comparison  of  the  satellite  images  with  selected  analyses  -- 
surface  at  24/06Z  and  24/09Z,  700  mb  at  24/OOZ,  and  500  mb  at  24/OOZ  and  24/12Z 
--  indicates  that  the  low  was  of  considerable  vertical  extent  and  nearly  verti¬ 
cally  "stacked"  at  24/OOZ.  This  surface  low,  the'one  associated  with  the 
satellite  image  vortex,  is  depicted  on  the  24/12Z  surface  analysis  (near  34°N, 

47.5°E  on  Figure  A-12)  and  subsequent  analyses  as  a  slowly  filling  surface 
trough,  generally  aligned  with  the  500  mb  trough  position,  but  surpassed  in 
intensity  by  the  newly  developed  low  over  Iran  (near  32.5'’N,  53°E).  The  posi¬ 
tion  of  vortex  A  shows  a  reasonably  good  match  with  both  the  24/OOZ  and  24/12Z 
500  mb  centers  and  the  700  mb  low  center  at  24/OOZ. 

The  bright  area,  B,  in  the  central  position  of  Figures  A-14  and  A-15, 
corresponds  well  to  the  newly  developing  surface  low  on  the  24/06Z,  24/09Z, 
and  24/12Z  surface  analyses  (near  32°N,  49°E;  32°N,  50°E;  and  32.5°N,  53°E, 
respectively).  This  is  the  low  which  underwent  rapid  development  on  24  Jan  and 
was  favorably  located  to  the  east  of  the  500  mb  trough  line  and  near  the  polar 
jet  axis  (discussed  below).  The  brightness  of  infrared  returns  of  this 
developing  feature  suggests  constituent  cloud  elements  of  considerable  vertical 
extent.  It  should  be  noted  that  area  B  and  the  bright  band,  E,  are  decidedly 
convective  in  character.  This  lends  support  to  the  observation  of  Tracton 
(1973)  that  the  occurrence  of  mesoscale  convective  activity  can  help  trigger 
and  enhance  cyclogenesis. 

The  northernmost  spiral  band,  C,  appears  to  be  a  cold  front  extending  from 
the  decaying  vortex  over  Iraq.  This  agrees  reasonably  well  with  the  surface 
analysis  at  24/06Z  (Figures  A-ll  and  A-12b).  The  middle  band,  D,  appears  to  be 
a  newly  developing  cold  front  that  extends  from  the  developing  surface  low  under  •  ' 
area  B.  This  agrees  well  with  the  24/06Z  and  24/09Z  surface  analyses  (Figures 
A-12b,c).  This  front  is  the  leading  edge  of  the  shamal,  whose  initial  onset 
occurred  in  the  northwestern  part  of  the  Gulf. 
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Perhaps  the  most  striking  band  is  that  labeled  E  on  Figures  A-14  and  A-15, 
a  line  of  vigorous  thunderstorm  cells  that  extend  from  the  center  of  the  Gulf 
northward  into  central  Iran  and  the  developing  surface  low  in  area  B.  Band  E 
looks  strikingly  similar  to  a  prefrontal  severe  weather  line  in  the  U.S.  Midwest 
in  spring.  Such  lines  are  capable  of  producing  severe  thunderstorms  and 
spawning  tornadoes.  Evidence  of  thunderstorm  activity  in  this  case  study  is 
pointed  out  in  Section  A. 3.1  above.  From  the  information  available,  however, 
there  is  no  confirmation  of  tornado  activity.  The  vertical  extent  of  the 
thunderstorm  line,  E,  is  indicated  by  the  bright  returns  in  the  infrared 
spectrum.  Figure  A-15.  The  parallel  billows,  G,  extending  eas t- no r t h ea s twa rd 
from  the  line  represent  cirrus  blowoff  from  the  thunderstorm  cellss  which  is 
generally  aligned  in  the  direction  of  the  average  shear  from  the  lower  to  upper 

•k 

levels  of  the  troposphere.  Shearing-off  of  higher  clouds  with  the  upper  winds 
is  apparent  at  area  H,  corresponding  to  cirrus  outflow  from  the  developing  low 
over  western  Iran.  Surface  reports  for  24/06Z  and  24/09Z  near  30°N,  50°E 
(Figures  A-12b,c)  confirm  the  presence  of  cumulonimbus  and  thunderstorm 
activity  over  Iran  near  cloud  band  E. 

The  200  mb  analyses  for  24  Jan  suggest  that  the  polar  jet  had  intruded  well 
south  of  the  Taurus  Mountains  of  Turkey.  The  cirrus  blowoff  from  band  E  at 
lines  G,  from  the  developing  low  at  B,  and  from  cloud  mass  H,  indicates  the 
direction  of  the  upper  flow. 

Notice  that  the  cyclogenesis  under  area  B  occurs  to  the  north  of  the  polar 
jet  position.  Notice  also  that  the  thunderstorm  activity  in  band  E  is  most 
intense  north  of  the  northernmost  edge  of  the  subtropical  jet.  Anderson  ^  al  . 
(1974)  have  indicated  that  thunderstorm  line  development  frequently  is  most 
intense  north  of  the  intersection  of  the  subtropical  jet  with  the  squall  line. 


*Some  indication  of  the  shear  can  be  obtained  through  examination  of  the  avail¬ 
able  700  mb,  500  mb,  and  200  mb  analysis  for  24/OOZ  (Figs.  A-16,  A-9,  and  A-17, 
respectively).  The  general  orientation  of  the  vertical  shear  is  southwesterly. 
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Figure  A-12.  Surface  analysis,  24  Jan  1974  1200Z. 
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Figure  A-12b. 
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Figure  A-12c.  Detailed  surface  analysis,  24  Jan  1974  0900Z. 
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Fi gure  A-1 2d  . 


Detailed  surface  analysis,  24  Jan  1974  1200Z. 
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Figure  A-12e.  Detailed  surface  analysis,  24  Jan  1974  1500Z. 
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Figure  A-1  3.  500  mb  analysis,  24  Jan  1  974  1  200Z. 
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Figure  A-14.  DMSP  visible  image,  24  Jan  1974  0838Z. 
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Figure  A-14.  Continued. 


A-29 


Figure  A-15.  DMSP  IR  image,  24  Jan  1974  0838Z. 
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Figure  A-15,  Continued. 
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Figure  A-16.  700  mb  analysis,  24  Jan  1974  OOOOZ. 
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Figure  A-17.  200  mb  analysis,  24  Jan  1974  OOOOZ. 
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Figure  A-18.  200  mb  analysis,  24  Jan  1974  1200Z. 


A. 4  STEP  FOUR 

A. 4.1  Synoptic  Discussion 

"The  surface  low  ...  [which  formed  at  the  previous  step]  ...  becomes  fully 
developed.  It  is  advected  by,  and  ahead  of,  the  upper  trough  to  eastern  Iran. 

The  associated  cold  front  has  swept  down  the  Gulf  into  the  Arabian  Sea.  Subsi¬ 
dence  continues  in  the  lower  troposphere  over  northern  Saudi  Arabia  to  the  west 
of  the  upper  trough.  The  surface  pressure  over  Saudi  Arabia  increases.  The 
pressure  gradient  between  the  Saudi  Arabian  high  and  the  lower  pressure  in  the 
Gulf  of  Oman  sustains  the  gale  force  shamal"  (ref.  Figure  3-ld). 

The  500  mb  analyses  for  25/OOZ  and  25/12Z  (Figures  A-19  and  A-20)  show 
continued  eastward  progression  of  the  upper  trough.  The  25/OOZ,  25/06Z,  and 
25/12Z  surface  analyses  (Figures  A-21  ,  A-22,  A-23)  show  the  movement  of  the 
surface  cold  front  eastward  well  ahead  of  the  upper  trough  axis.  The  detailed 
surface  analyses  for  25/03Z,  25/06Z,  25/09Z,  25/l'2Z,  and  25/15Z  (Figures  A-23a, 
b,c,d,e)  illustrate  the  continued  strength  and  persistence  of  the  surface  winds 
in  the  region  behind  the  cold  front.  At  25/03Z,  for  example,  win.d  speeds  with 
gusts  to  40  kt  were  commonplace,  as  indicated  by  surface  observations  at  the  oil 
rigs  and  islands  in  the  Gulf.  Rig  Seashell  (near  the  Qatar  Peninsula  at  approx¬ 
imately  25.5°N,  52°E)  reported  15-20  ft  combined  sea  heights;  rig  Wodeco  III 
(near  Lavan  Island  at  26.5°N,  53°E)  reported  12-14  ft  combined  sea  heights;  and 
oil  rigs  near  Das  Island  (25°N,  53°E)  reported  7-12  ft  combined  sea  heights. 

At  25/06Z,  25/09Z,  25/12Z,  and  25/15Z,  rig  Seashell  reported  combined  sea 
heights  in  the  range  12-16  ft.  Rig  Wodeco  III  reported  6-8  ft  at  25/12Z,  and  a 
rig  near  Das  Island  reported  8-10  ft  at  25/15Z. 

Tables  A-3  and  A-4  are  hour-by-hour  wind  averages  taken  from  anemographs  on 
Ahmadi  Sea  Island  off  Kuwait  and  Das  Island  (25°N,  53°E),  respectively.  These 
tables  show  that  the  strongest  winds  during  the  period  of  this  case  study 
occurred  after  the  cold  frontal  passage  and  for  a  time  thereafter,  then 
decreased  slowly.  At  Ahmadi  Sea  Island  in  the  northern  Gulf,  where  the  front 
passed  near  noon  local  time  on  24  Jan,  winds  on  25  Jan  were  about  25  kt  with 
gusts  to  38  kt  at  25/OOL  (24/21Z);  these  winds  then  decreased  slowly  during  the 
morning  hours  to  10-15  kt  by  25/12L  (25/09Z).  At  Das  Island  in  the  southern 
Gulf,  where  the  front  passed  later  on  24  Jan,  winds  on  25  Jan  reached  a  maximum 
near  25/OOL  (24/20Z),  with  winds  of  25  kt  and  gust  to  48  kt;  these  winds  then 
..decreased  slowly  through  the  day  to  16  kt  with  gusts  to  23  kt  at  25/23L  (25/19Z). 
Lavan  Island,  near  27°N,  53°E  on  the  eastern  side  of  the  southern  Gulf,  reported 
a  peak  wind  of  58  kt  at  25/0145L  (24/2215Z). 

Reduced  visibilities  due  to  blowing  sand  and  dust  were  reported  at  stations 
throughout  the  southern  Gulf  from  25 /O 3Z- 25 /I  5 Z  .  Recently  concluded  thunder¬ 
storm  activity  occurred  again  over  the  Iranian  highlands  and  at  Bushire 
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Table  A-p .  Hourly  winds  reported  at  Ahmadi  Sea  Island  for  25  Jan  1974 


LT 

(LT=GMT+3)* 

0000 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1  000 
1100 
1  200 


GMT 

24/21 OOZ 
24/2200Z 
24/2300Z 
25/OOOOZ 
25/OlOOZ 
25/0200Z 
25/0300Z 
25/0400Z 
25/0500Z 
25/0600Z 
•25/0700Z 
25/0800Z 
25/0900Z 


Di  rec t i 0  n 
(°) 

290 

290 

290 

290 

300 

300 

300 

320 

320 

320 

330 

330 

310 


Mean  Speed 
(kt) 

25 

25 
27 

26 
25 
25 

23 

24 
24 
22 
1  7 
1  3 
10 


Max  Gusts 
(kt) 

38 

35 

36 
34 
34 
33 
31 

31 

32 
28 
24 
1  7 
1  5 


Table  A-4.  Hourly  winds  reported  at  Das  Island  for  25  Jan  1974 


LT 

D  i  r  e  c  t  i  0  n 

Mean  Speed 

Max  Gu 

(LT=GMT+4)* 

GMT 

(°) 

( kt) 

(  kt ) 

0000 

24/2000Z 

300 

25 

48 

0100 

24/2100Z 

300 

25 

38 

0200 

24/2200Z 

290 

27 

41 

0300 

24/2300Z 

290 

27 

40 

0400 

25/OOOOZ 

300 

25 

40 

0500 

25/01 OOZ 

300 

27 

40 

0600 

25/0200Z 

300 

25 

40 

0700 

25/0300Z 

300 

21 

38 

0800 

25/0400Z 

31  0 

21 

37 

0900 

25/0500Z 

300 

20 

32 

1  000 

25/0600Z 

290 

1  9 

28 

1  100 

25/0700Z 

290 

1  8 

26 

1  200 

25/0800Z 

290 

1  8 

28 

1  300 

25/0900Z 

290 

1  8 

26 

1400 

25/1 OOOZ 

280 

1  9 

27 

1  500 

25/1  1  OOZ 

290 

'l  8 

26 

1600 

25/1 200Z 

290 

1  8 

27 

1  700 

25/1 300Z 

290 

1  8 

28 

1  800 

25/1400Z 

290 

1  9 

30 

1  900 

25/1 500Z 

300 

1  9 

30 

2000 

25/1 600Z 

300 

1  8 

26 

21  00 

25/1 700Z 

300 

1  7 

26 

2200 

25/1 800Z 

31  0 

1  6 

26 

2300 

25/1 900Z 

300 

1  6 

23 

*See  footnote 

to  Tabl  es  A-1 

and  A- 2 . 
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(vicinity  of  30°N,  50°E)  at  about  25/06Z  (see  Figure  A-23b).  The  surface 
pressure  over  northern  Saudi  Arabia  and  Iraq  increased  on  the  order  of  10-15  mb 
between  24/06Z  and  25/06Z  and  between  24/12Z  and  25/12Z.  (Compare  Figures  A-11 
with  A-22  and  A-12  with  A-23.)  The  intensification  of  surface  high  pressure 
over  northern  Saudi  Arabia  is  associated  with  the  subsidence  that  occurred  in 
the  lower  troposphere  in  the  region  to  the  northwest  of  the  surface  cold  front 
to  the  rear  of  the  upper  trough  axis.  The  25/06Z  and  25/1 2Z  surface  analyses 
show  the  surface  pressure  gradient  between  the  Gulf  of  Oman  and  the  high 
pressure  over  northern  Saudi  Arabia:  this  is  the  gradient  that  driyes  the  shamal  . 

A. 4. 2  Satellite  Data  Interpretation 

The  DMSP  visible  and  IR  images  for  25  Jan,  Figures  A-24  and  A-25,  show  a 
"frontal  rope,"  line  A,  positioned  just  southeast  of  the  Arabian  Peninsula.  The 
frontal  rope,  a  man ife station  of  a  cold  front,  is  a  thin  cloud  line  associated 
with  the  leading  edge  of  an  advancing  cold  air  mass.  When  the  cold  air  pushes  Ji 
out  from  a  land  mass  over  the  open  sea,  as  is  the  case  here,  the  frontal  rope  ff 
typically  takes  the  shape  of  the  coastline.  An  average  southeastward  speed  of 
movement  of  near  40  kt  would  have  been  required  for  the  cold  front  to  have  moved 
in  24  hr  from  the  northern  portion  of  the  Persian  Gulf  to  the  position  in  the 
Arabian  Sea  depicted  on  the  satellite  images.  Such  movement  is  unsupported  by 
the  500  mb  upper  air  pattern,  which  was  west  to  southwesterly  at  this  time  over 
the  Arabian  Peninsula.  However,  the  frontal  movement  was  related  to  the  wind 
flow  in  a  shallow  layer  near  the  surface,  characterized  by  the  30-40  kt  surface 
winds  reported  at  or  near  the  cold  front  as  it  moved  southeastward  down  the  Gulf 
on  24  Jan. 

The  somewhat  characteristic  "signature"  of  relatively  colder  air  streaming 
over  warmer  waters  appeared  over  the  Gulf  on  25  Jan.  Heated  from  below,  the 
air  soon  became  unstable  and  cumulus  convection  developed.  Some  indication  of  / 
at  least  moderate  vertical  extent  can  be  seen  by  the  relative  brightness  of 
these  clouds  on  the  IR  image  (Figure  A-25).  Convective  activity  is  further 
indicated  by  past  thundershower  activity  reported  at  Kharg  Island  (near  29°N, 
50.5°E)  (see  25/06Z  surface  analysis.  Figure  A-23b). 
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Figure  A-19.  500  mb  analysis,  25  Jan  1974  OOOOZ. 
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Figure  A-20.  500  mb  analysis,  25  Jan  1974  1200Z. 
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Figure  A-21  .  Surface  analysis,  25  Jan  1  974  OOOOZ. 
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Figure  A-22.  Surface  analysis,  25  Jan  1  974  0600Z. 
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Figure  23.  Surface  analysis,  25  Jan  1974,  1200Z. 
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Figure  A-23b.  Detailed  surface  analysis,  25  Jan-  1  974  0600Z. 
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Figure  A-23c.  Detailed  surface  analysis,  25  Jan  1974  0900Z. 
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Figure  A-23d.  Detailed  surface  analysis,  25  Jan  1974  1200Z. 


Figure  A-23e. 


Detailed  surface  analysis,  25  Jan  1974  1500Z. 
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Figure  A-24.  Continued. 
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Figure  A-25.  DMSP  IR  image,  25  Jan  1974  0838Z. 
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Figure  A-25.  Continued. 
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A. 5  STEP  FIVE 


A. 5.1  Synoptic  Discussion 

"Subsidence  continues  in  the  lower  troposphere  over  Saudi  Arabia.  A  ■ 
second  surface  high  pressure  area  forms  over  the  Iranian  plateau.  The  orienta¬ 
tion  of  the  Zagros  Mountains  induces  a  lee  trough  which  extends  from  the  ... 

Gulf  of  Oman  northwestward  along  the  eastern  shore  of  the  Gulf.  The  shamal 
continues  ....  The  upper  air  trough  eventually  moves  away  to  the  east.  Lower 
tropospheric  subsidence  is  now  stronger  over  the  Iranian  plateau  than  over  the 
Saudi  Arabian  basin.  The  high  cell  over  Saudi  Arabia  weakens  and  the  lee 
trough  begins  to  move  westward  across  the  Gulf.  The  shamal  weakens  and  is 
replaced  on  the  eastern  side  of  the  Gulf  by  local  sea  breezes,  weak  south- 
easterlies,  or  a  vector  combination  of  both.  Winds  on  the  western  side  of  the 
Gulf  (lee)  trough  subside  as  the  shamal  "breaks"."  (Ref.  Figures  3-le,f.) 

The  500  mb  trough  in  this  instance  did  not  "stall"  over  Iran,  but  continued 
to  move  away  to  the  east  (see  Figures  A-26  and  A-27).  Consequently,  subsidence 
to  the  west  of  the  upper  trough  axis  was  short-lived.  The  surface  high  over 
Saudi  Arabia  began  to  weaken,  the  pressure  gradient  lessened  over  the  Gulf,  and 
the  shamal  wind  slowly  subsided.  The  chief  factor  which  distinguishes  the  3-5 
day  shamal  from  the  24-36  hour  shamal  is  the  upper  air  trough's  movement:  in  the 
3-5  day  shamal,  it  either  "stalls"  over  or  near  the  Strait  of  Hormuz  (near 
26.5°N,  56.5°E),  or  moves  very  slowly  through  the  region;  in  the  24-36  hr  shamal 
it  moves  through  rapidly. 

The  surface  analyses  for  26/OOZ,  26/06Z,  and  26/1 2Z  (Figures  A-28  through 
A-30)  show  how  the  high  pressure  over  Saudi  Arabia  at  26/OOZ  (03L)  strengthened 
at  26/06Z  (09L)  and  weakened  again  by  26/1 2Z  (15L),  a  reflection  in  part  of 
semi-diurnal  variation. 

Another  high  pressure  area,  a  ridge  oriented  east-west  along  35°N  at 
26/OOZ,  split  into  two  cells  at  26/06Z.  One  cell  was  centered  over  northwestern 
Iran  on  26/06Z  and  remained  there  at  26/12Z. 

Determination  of  the  precise  movement  of  the  center  of  the  other,  eastern¬ 
most,  cell  is  difficult,  because  data  is  sparse  at  26/06Z.  The  general  movement 
of  this  easternmost  cell,  from  26/OOZ  (just  before  it  split  off  from  the  ridge) 
to  26/12Z,  seems  to  be  to  the  northeast,  in  conjunction  with  the  eastward  moving 
cold  front  depicted  on  the  extreme  right-hand  portion  of  the  26/OOZ  and  26/12Z 
surface  analyses.. 

Also  indicated  on  the  26/OOZ,  26/06Z,  and  26/12Z  surface  analyses  is  a  lee 
trough  induced  by  the  Zagros  Mountains  and  located  on  the  eastern  side  of  the 
Gulf,  between  the  high  pressure  cells.  The  strongest  of  the  northwesterly  winds 
over  the  Gulf  persisted  on  the  western  side  of  the  Gulf,  away  from  the  lee 
trough.  By  26/12Z,  easterly  and  southeasterly  winds  occurred  on  the  eastern 
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side  of  the  Gulf  (Figures  A-30  and  A-30a).  Combined  sea  heights  reported  by 
rig  Seashell  in  the  southern  Gulf  was  generally  6-8  ft  at  26/06Z,  26/09Z,  and 
26/1 2Z  . 

The  hourly  wind  speed  averages  derived  from  the  anemograph  at  Das  Island 
indicate  a  gradual  decrease  in  the  northwesterly  winds  as  the  day  progressed 
(Table  A-5).  Das  Island  peak  wind  speeds  are  well  below  gale  force  intensity 
on  25  Jan.  By  26/15Z,  the  shamal  had  virtually  subsided  in  the  southern  Gulf. 
Combined  sea  heights  of  5-8  ft  were  reported  by  oil  rigs  near  Das  Island  at 
26/15Z;  these  gradually  diminished  through  the  night.  (A  surface  chart  for 
26/15Z  is  not  depicted.)  By  27/03Z  (Figure  A-30b)  the  shamal  had  definitely 
ended;  winds  were  light  and  combined  sea  heights  were  3  ft  or  less. 

Table  A-5.  Hourly  winds  reported  at  Das  Island  for  26  Jan  1974. 


LT 

D  i  r  e  c  t  i  0  n 

Mean  Speed 

Max  Gusts 

(LT=GMT+3) 

GMT 

(°) 

(kt) 

(kt) 

0000 

25/2000Z 

31  0 

1  6 

23 

01  00 

25/21  OOZ 

31  0 

1  7 

25 

0200 

25/2200Z 

31  0 

1  7 

26 

0300 

25/2300Z 

300 

1  6 

25 

0400 

26/OOOOZ 

300 

1  6 

26 

0500 

26/OlOOZ 

300 

1  5 

28 

0600 

26/0200Z 

31  0 

1  6 

23 

0700 

26/0300Z 

31  0 

1  5 

24 

0800 

26/0400Z 

31  0 

14 

22 

0900 

26/0500Z 

31  0 

1  3 

1  8 

1  000 

26/0600Z 

300 

1  4 

1  8 

1100 

26/0700Z 

300 

1  3 

21 

1  200 

26/0800Z 

300 

1  3 

20 

1  300 

26/0900Z 

300 

1  4 

22 

1  400 

26/1 OOOZ 

300 

1  4 

22 

1  500 

26/1 lOOZ 

300 

14 

22 

1  600 

26/1 200Z 

300 

1  3 

20 

1  700 

26/1 300Z 

300 

1  2 

1  8 

1  800 

26/1 400Z 

31  0 

1  1 

1  7 

1  900 

26/1 500Z 

320 

9 

1  6 

A. 5. 2  Satellite 

Data  Interpretation 

The  DMSP  images  for  26  Jan 

(Figures 

A-31 

and  A-32)  indicate  subsidence 

over  the  northern 

Gulf  at  clear 

area  A . 

The 

remnants  of 

the  cumul us  whi ch 

formed  over  the  southern  Gulf  on 

25  Jan 

are  shown  cl  earl y 

--  area  B  on  the 

resolution  v i s i b 1 

e  image,  Figure 

A-31  -- 

as  " 

capped  off" 

closed-cell  s  trato 

cumulus.  The  "capping  off"  of  the  cumuliform  cloudiness  and  the  general 
anticyclonic  turning  of  the  low  level  flow  are  further  indications  of  pronounced 
sinking  motion  in  the  lower  part  of  the  troposphere. 


*See  footnote  to  Tables  A-1  and  A-2. 


A-51 


The  rapid  modifying  remnants  of  the  25  Jan  frontal  rope  over  the  Arabian 
Sea  appears  to  be  Area  D.  Although  a  cold  front  has  been  positioned  in  the 
center  of  the  diffuse  cloud  Area  D,  the  precise  location  of  the  front  is  diffi¬ 
cult  to  determine  because  of  the  lack  of  detailed  surface  data,  and  because  the 
air  in  the  diffuse  frontal  zone  appears  to  be  undergoing  rapid  modification 
over  the  warm  Arabian  Sea.  A  reasonable  alternative  to  the  position  of  the 
cold  front  indicated  in  Figure  A-31  would  be  a  position  approximately  2-3° 
further  south,  at,  or  just  south  of,  the  leading  edge  of  the  diffuse  cloud  band. 
A  convergence  band,  C,  appears  in  the  Gulf  of  Oman.  The  appearance  of  band  C 
seems  to  coincide  with  the  dying  phase  of  the  shamal;  a  similar  pattern  is 
discerned  near  the  end  of  the  3-5  day  shamal  described  in  Appendix  B,  a  case 
study  from  January  1973.  If  this  convergence  band,  C,  occurs  on  a  1200  LT 
satellite  image,  it  appears  to  indicate,  based  on  the  information  contained  in 
the  case  studies  described  here,  that  the  shamal  has  ceased  in  eastern  side  of 
the  Gulf,  has  diminished  to  the  15-20  kt  range  on  the  western  side  of  the  Gulf 
(see  Figures  A-29  and  A-30  and  Table  A-5),  and  will  probably  die  off  completely 
that  evening.  This  phenomenon  is  discussed  in  more  detail  in  Appendix-  B. 
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Figure  A-26.  500  mb  analysis,  26  Jan  1974  OOOOZ, 
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Figure  A-27.  500  mb  analysis,  26  Jan  1974  1200Z. 
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Figure  A-28.  Surface  analysis,  26  Jan  1974  OOOOZ. 
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Figure  A-29.  Surface  analysis,  26  Jan  1974  0600Z. 
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Figure  A-30.  Surface  analysis,  26  Jan  1974  1200Z. 


Fi gure  A-30a  . 


Detailed  surface  analysis,  26  Jan  1974  1200Z. 
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Fi gure  A-30b  . 


Surface  analysis,  27  Jan  1974  0300Z. 
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SATELLITE  IMAGERY  SHOWN  ON  NEXT  FACING  PAGES 


Figure  A-31  ,  DMSP  visible  image,  26  Jan  1974  0838Z. 
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Figure  A-31  .  Continued. 
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Figure  A-32,  DMSP  IR  image,  26  Jan  1974  0838Z. 
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Figure  A-32.  Continued. 
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A. 6  SUMMARY 


(1)  This  case  study  has  described  the  typical  24-36  hr  shamal  pattern 
discussed  in  Section  3.1. 

(2)  The  shamal  typically  begins  as  an  abrupt  transition'  from  gradually 
increasing  southerly  or  southeasterly  winds  (the  Kaus)  to  gale  force  north- 
wes  terl  y  winds. 

(3)  The  cold  front  which  precedes  the  onset  of  the  shamal  typically 
propagates  rapidly  southeastward  down  the  Persian  Gulf  and  over  the  Arabian 
Peninsula.  Frontal  velocities  of  35-40  kt  are  not  uncommon.  The  shamal  begins- 
while  the  upper  wind  flow  (500  mb)  pattern  is  still  southwesterly  over  the  Gulf. 

(4)  The  warm,  shallow  waters  of  the  Persian  Gulf  rise  quickly  into  a 
short,  steep  sea  under  the  stress  of  gale  force  winds.  The  sea  heights  rise 
more  rapidly  in  the  Gulf  than  in  the  open  sea. 

(5)  Cyclogenesis  in  the  area  depicted  in  Figure  3-3  of  Section  3  typically 
accompanies  the  onset  of  the  shamal.  Cyclogenesis  tends  to  occur  north  of  the 
polar  jet  position,  while  severe  thunderstorm  activity  can  occur  at  the  same 
time  in  the  area  north  of  the  subtropical  jet.  The  DMSP  images  which  accompany 
this  case  study  support  these  generalizations. 

(6)  The  shamal  s ubs i des- wi thi n  24-36  hr  after  onset,  if  the  upper  air 
trough  moves  smoothly  and  rapidly  eastward  through  the  Persian  Gulf/Strait  of 
Hormuz/Gulf  of  Oman  areas. 

(7)  A  distinctive  convergence  cloud  band  signals  the  demise  of  the  shamal. 
It  first  appears  in  the  Gulf  of  Oman  on  the  1200  LT  DMSP  satellite  image  on  the 
day  the  shamal  "breaks."  The  shamal  ends  that  evening. 
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APPENDIX  B  •  CASE  STUDY  2 
TYPICAL  SYNOPTIC  SEQUENCE  OF  THE  3-5  DAY  SHAMAL 


B.l  INTRODUCTION 

* 

The  onset  of  the  3-5  day  winter  shamal  is  triggered  by  the  passage  of  a 
cold  front  down  the  Persian  Gulf,  an  event  that  typically  occurs  ahead  of  the 
passage  of  the  upper  trough  over  the  Gulf.  If  the  upper  trough  moves  away 
quickly  to  the  east,  as  in  Case  Study  1  given  in  Appendix  A,  the  shamal  soon 
subsides.  If,  however,  the  upper  trough  becomes  qua s i - s ta ti o na ry  over,  or  just 
to  the  east  of,  the  southern  Gulf,  then  the  shamal  appears  to  be  sustained  by 
three  factors: 

j  (1)  Negative  vorticity  advection  to  the  rear  (west)  of  the  upper  trough 
axis  produces  convergence  aloft,  and  subsidence  through  the  lower  troposphere. 

The  pressure  at  the  surface  rises  over  the  Arabian  Peninsula  in  association 
wi th  the  subsidence. 

(2)  The  bowl-like  shape  of  the  Arabian  Peninsula  --  which  is  ringed  by 
the  Taurus  Mountains  of  Turkey  to  the  north,  the  Zagros  Mountains  of  Iran  to 
the  east,  and  the  Hejaz  and  Hajar  Mountains  on  the  western,  southwestern,  and 
southeastern  parts  of  the  Arabian  Peninsula,  as  shown  by  Figure  B-1  --  inhibits 
the  horizontal  outflow  of  the  subsiding  air  in  the  lower  layers  of  the  atmos¬ 
phere  over  the  Peninsula.  The  air  in  the  lower  layers  is  virtually  "trapped," 
except  for  outlets  through  the  Strait  of  Hormuz  and  the  southeastern  portion  of 
the  Peninsula  between  Masirah  Island  and  Salalah.  This  virtual  trapping  also 
contributes  to  the  building  of  the  surface  pressure  over  the  Peninsula. 

(3)  Orographic  curvature  effects,  combined  with  vertical  motion  over  the 
Gulf  of  Oman  ahead  of  (to  the  east  of)  the  upper  trough  axis,  lower  the  surface 
pressure  over  the  Gulf  of  Oman. 

The  combination  of  increased  surface  pressure  over  the  Arabian  Peninsula 
and  lower  surface  pressure  over  the  Gulf  of  Oman  produces  a  surface  pressure 
gradient  oriented  northwest-southeast  along  the  Persian  Gulf  (especially  in  the 
.southern  portion)  to  sustain  northwesterly  the  gale  force  shamal  wind. 

A  long  wave  upper  trough  position  consistent  in  day-to-day  continuity  is 
.marked  on  each  of  the  500  mb  analyses  in  this  . case  study.  During  the  middle 
period  of  the  sequence,  the  long  wave  trough  becomes  rather  shallow  and  difficult 
to  locate  because  a  number  of  short  waves  move  through  the  long  wave  position. 
Consequently,  the  location  of  the  long-wave  trough  cannot  be  precisely  determined 
during  this  period. 

*The  shamal  used  as  an  example  in  this  case  study  occurred  in  mid-January  1973; 
subsequent  discussions  trace  its  occurrence  day  by  day  from  15  through  20-21  Jan. 
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Figure  B-1  .  Relationship  among  upper  trough  axis,  surface  high  pressure 
to  west  of  trough  axis,  and  surface  low  pressure  to  east  of  trough 
axis  during  3-5  day  shamal  . 


B.2  15  JANUARY  1973 


W 

A  deep,  upper  air  trough  over  the  eastern  Mediterranean  Sea,  coupled  with 
a  blocking  high  over  central  Europe,  forced  cold  air  southward  to  the  rear/west 
of  the  upper  trough  axis  through  a  deep  layer.  (The  direction  of  the  geostrophic 
wind  at  500  mb  is  typical,  in  this  instance,  of  the  wind  direction  through  the 
surface-500  mb  layer.)  The  cold  air  in  the  lower  layers  of  the  atmosphere  was 
advected  first  southward  over  the  western  portion  of  the  Taurus  Mountains  and 
through  the  Aegean  Sea;  then  eastward  over  and  around  the  mountains  of  the 
narrow,  coastal  mountain  range  of  Syria  and  Lebanon  on  the  eastern  Mediterranean 
shore,  into  the  upper  Euphrates  Valley.  This  less  direct  route  of  cold  air 
penetration  is  traced  on  Figure  B-2.  A  tongue  of  -25°C  to  -30°C  air  was  also 
advected  eastward  at  500  mb  (see  Figures  B-3  and  B-5)  with  the  upper  trough. 

Figure  B-6  comprises  a  surface  chart  (a)  and  satellite  images  (b)  for 
15  Jan.  The  DMSP  visible  image  near  noon  local  time  (approximately  15/08Z), 
Figure  B-6b,  shows  the  "signature"  of  the  cumulus. that  formed  as  the  colder  air 
in  the  lower  layers  of  the  atmosphere  streamed  over  the  warmer  waters  of  the 
eastern  Mediterranean  following  passage  over  the  eastern  portion  of  the  Taurus 
Mountains  and  through  the  Aegean  Sea.  As  the  lower  layers  of  the  deep,  cold, 
northerly  airstream  were  warmed  from  below  by  contact  with  the  comparatively 
warm  Mediterranean  Sea,  the  airstream  as  a  whole  became  unstable  and  cumulus 
developed  downstream  (area  A  on  Figure  B-6b). 

The  satellite  image  also  shows  the  surface  low,  area  B,  and  the  associated 
cold  front,  band  C.  Band  D  shows  the  subtropical  jet  slightly  to  the  north  of 
its  climatological  position,  curved  anti cycl oni cal  1 y  to  the  northeast  of  the 
Gulf  (see  also  200  mb  analyses  at  15/OOZ  and  15/12Z,  Figures  B-7  and  B-8). 

The  cold  front  advanced  rapidly  southeastward  down  the  Ti gr i s - Euph ra tes  y/ 
valley  at  nearly  40  kt.  This  movement  is  shown  by  comparison  of  frontal  ^ ’ 

positions  on  the  surface  analyses  for  15/OOZ  and  15/12Z,  Figures  B-4  and  B-6a, 
respectively.  The  15/12Z  surface  analysis  shows  such  movement  to  be  supported 
by  30-40  kt  surface  winds  in  northern  Saudi  Arabia  (Figure  B-6a).  The  speed  of 
movement  of  the  cold  front  is  comparable  to  that  described  in  Case  Study  1, 
Appendix  A. 

B.3  16  JANUARY  1973 

Under  the  influence  of  the  eastward-moving  500  mb  upper  trough  shown  on 
Figures  B-9  and  B-11  (see  also  Figure  B-10,  16/OOZ  surface  analysis),  cyclo¬ 
genesis  occurred  in  and  near  the  area  to  the  east  of  the  northern  end  of  the 
Persian  Gulf  (an  area  generally  favo.rable  for  cyclogenesis).  This  area  was 
under  the  region  of  strong,  posi ti ve- vorti ci ty  advection  to  the  east  of  the 
upper  trough  axis  (marked  R  for  rising  vertical  motion  on  Figure's  B-9  and  B-11). 
Two  surface  lows  formed  between  15/12Z  and  16/OOZ,  one  over  the  lower 
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Figure  B-2.  Paths  of  cold  air  incursions  into  upper  Euphrates  valley 
prior  to  onset  of  shamal  . 
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Figure  B-3.  500  mb  analysis,  15  Jan  1973  OOOOZ. 
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Figure  B-4 .  Surface  analysis,  15  Jan  1973  OOOOZ. 
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Figure  B-5.  500  mb  analysis,  15  Jan  1973  1200Z. 
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Figure  B-6a.  Surface  analysis,  15  Jan  1973  1200Z. 
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Figure  B-6b,  left.  DMSP  visible  image,  15  Jan  1973  local  noon. 
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Figure  B-6b,  left.  Continued. 
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Figure  B-6b,  right.  Continued. 
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Figure  B-6b,  right.  Continued, 
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Figure  B-7.  200  mb  analysis,  15  Jan  1973  OOOOZ. 
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Figure  B-8  .  200  mb  analysis,  15  Jan  1  973  1  200Z. 
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Figure  B-9.  500  mb  analysis,  16  Jan  1973  OOOOZ. 


B-17 


Figure  B-10.-  Surface  analysis,  16  Jan  1  973  OOOOZ. 
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Figure  6-11.  500  mb  analysis,  16  Jan  1973  1200Z. 


Ti  gri  s-Euphrates  valley  near  33°N,  45‘’E,  and  the  other  over  central  Iran  near 
32°N,  54°E,  They  appear  on  the  16/OOZ  surface  analysis,  Figure  B-10,  as  1005  mb 
lows  over  western  and  eastern  Iran. 

These  surface  lows  then  tracked  further  northeastward  under  the  northeast¬ 
erly  airstream  at  500  mb  to  new  po sit ions  at  16/12Z  near  33°N,  55°E,  and  37°N. 
63°E-,  respectively  (Figure  B-12).  The  parent  surface  low,  which  was  located 
near  35°N,  39°E  at  15/OOZ,  moved  to  the  northeast  to  near  38°N,  42°E  (see  16/OOZ 
surface  analysis.  Figure  B-10),  where  it  remained  quasi-stati onary  and  subse¬ 
quently  weakened,  under  the  500  mb  low  center  position  (see  16/12Z  500  mb 
analysis.  Figure  B-11). 

Without  detailed  surface  data  (such  as  that  available  in  Appendix  A),  it  is 
difficult  to  fix  the  time  of  the  frontal  intrusion  into  the  Gulf  that  marked  the 
onset  of  the  shamal  in  this  case  study.  Wind  reports  available  from  the  west 
coast  of  the  central  Gulf  indicate  that  the  onset  had  not  yet  occurred  at  15/12Z 
(the  wind  at  Dhahran,  near  26°N,  50°E  was  east-southeasterly,  as  shown  in 
Figure  B-6a).  The  shamal  may  have  just  begun  at  16/OOZ  --  at  Dhahran  the  wind 
shifted  northwesterly  to  15  kt,  as  shown  in  Figure  B-10  --  and  seems  to  have 
become  established  by  16/12Z  when  the  wind  at  Bahrain,  near  Dhahran,  was 
northwesterly  at  20  kt  with  blowing  sand. 

It  is  also  difficult  to  do  more  than  speculate  about  the  strength  of  the 
winds  over  the  open  waters  of  the  Persian  Gulf.  Wind  speeds  over  these  waters 
are  frequently  higher  than  at  shore  stations.  It  is  not  unreasonable,  therefore, 
to  expect  that  wind  speeds  in  the  zone  near  the  cold  front  are  at  or  near  gale 
f  0  r  c  e  . 

The  DMSP  visible  satellite  image  for  noon  local  time  on  16  Jan,  Figure 
B-13,  shows  cloudiness  labeled  area  E  near  the  Strait  of  Hormuz  in  the  vicinity 
of  26.5°N,  56.5°E,  and  a  band  of  cloudiness  labeled  band  F  along  and  near  the 
southeastern  coast  of  the  Arabian  Peninsula.  It  is  difficult  to  locate  the 
cold  front  which  forms  the  leading  edge  of  the  shamal,  but  the  analyses  shown 
in  Figures  B-10  and  B-12  seem  a  reasonable  fit  to  the  available  data. 

The  cold  front  advanced  rapidly  southeastward  down  the  Gulf  over  the 
Arabian  Peninsula  early  on  16  Jan,  but  apparently  slowed  its  forward  movement 
later  in  the  day.  Area  E  could  have  been  the  result  of  a  small  area  of  warm 
air  overrunning  the  frontal  surface  nea-r  the  triple  point  in  the  vicinity  of 
the  Strait  of  Hormuz.  Band  F  is  too  indistinct  to  be  definitely  related  to  a 
cold  front.  A  portion  of  band  F  could  be  the  result  of  local  sea  breeze  effects 
along  the  coast  of  the  Arabian  Sea. 

Typical  cold  frontal  cloudiness  cannot  be  detected  in  this  instance, 
although  an  air  mass  contrast  may  exist  near  the  coastal  area.  The  cloud 
pattern  in  and  near  Band  F  indicates  an  onshore  component  to  the  wind  west  of 
55°E,  so  the  front  probably  had  not  yet  reached  the  shoreline.  Further 
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Figure  B-12.  Surface  analysis,  16  Jan  1973  1200Z. 
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Figure  B-13.  DMSP  visible  image,  16  Jan  1973  local  noon. 
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confirmation  lies  in  the  fact  that  following  a  cold  frontal  passage,  the  winds 
at  Masira-h  Island  (near  20.5°N,  59°E)  typically  blow  northwesterly  20-25  kt  with 
blowing  dust  and  sand.  These  conditions,  however,  did  not  occur  on  16  J.an. 

It  should  be  noted  that  the  cold  air  behind  the  cold  front  is  subject  to 
rapid  modification  by  warming  from  below  as  it  advances  southeastward  over  the 
Arabian  Peninsula,  much  of  which  is  desert.  This  includes  tlie  so-called  "Empty 
Quarter"  in  the  southeastern  part  of  the  Peninsula,  which  is  one  of  the  world's 
most  arid  regions.  The  amount  of  solar  insolation  incident  upon  the  Peninsula 
in  mid-winter  is  considerably  less  than  during  the  mid-summer  maximum.  Nonethe¬ 
less,  during  mid-winter  the  solar  insolation  may  be  enough  to  warm  the  earth's 
surface  to  the  point  that  it  can  significantly  modify  some  of  the  cool  air 
masses  which  pass  over  the  empty  quarter  behind  the  fronts  associated  with  th^ 
shamal  . 

Except  in  the  immediate  region  of  the  Persian  Gulf,  there  is  little  low 
level  moisture  available  over  the  Arabian  Peninsula  to  produce  frontal  cloudi¬ 
ness.  By  the  time  these  fronts  reach  the  Arabian  Sea  coastline,  they  often 
have  lost  much  of  their  cold  frontal  characteristics  because  of  modification  of. 
the  cold  air  mass  as  it  passes  over  the  warmer  land  mass  and  lack  of  low  level 
moisture.  The  "front"  therefore  may  well  be  little  more  than  a  wind  shear  line 
or  shear  zone  . 

Area  G  in  the  northern  Gulf  indicates  the  modification  of  colder  air  as  it 
streams  over  warmer  Gulf  waters.  Here,  low  level  moisture  is  abundant,  so  that 
cumulus  forms  as  the  lower  layers  of  the  troposphere  become  unstable.  The  size 
of  the  white  cloud  elements  involved  seem  to  be  at  or  near  the  resolution 
threshold  of  the  DMSP  high  resolution  sensor,  suggesting  that  the  cloud  forma¬ 
tion  process  has  just  begun.  The  general  grayishness  of  the  image  in  the 
northern  Gulf  may  also  represent  low  level  dust  and  sand  being  advected  by  the 
shamal  winds  out  over  the  region  from  the  lower  Tigris-Euphrates  valley. 

Reduced  visibilities  near  the  surface  in  this  region  are  implied. 

B .4  17  JANUARY  1 973 

On  17  Jan,  the  upper  level  flow  formed  a  shallow  trough  over  the  Arabian 
Peninsula,  as  shown  by  the  500  mb  analyses  in  Figures  B-14  and  B-16).  Shamal 
conditions  persisted  in  the  southern  Gulf,  as  indicated  by  the  30  kt  northwest¬ 
erly  wind  reported  by  a  ship  at  17/OOZ  (Figure  B-15). 

The  two  surface  lows  over  Iran  on  16  Jan  moved  eastward  the  next  day  -- 
one  to  the  northeast  to  become  centered  at  42°N,  65°E  at  17/OOZ,  .and  the  other 
to  the  east  to  become  centered  near  33°N,  63°E  at  17/OOZ  (Figure  B-15).  By 
17/12Z,  Figure  B-17,  the  surface  lows  were  positioned  near  48°N,  70°E  and  32°N, 
68°E,  respectively. 
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Figure  B-1  4.  500  mb  analysis,  17  Jan  1  973  OOOOZ. 
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Figure  B-15.  Surface  analysis,  17  Jan  1973  OOOOZ. 
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Figure  B-16,  500  mb  analysis,  17  Jan  1973  1200Z. 
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Figure  B-17.  Surface  analysis,  17  Jan  1  973  1  200Z, 
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Figure  B-18. 


DMSP  visible  image. 


17  Jan  1973  local  noon. 
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Figure  B-18.  Continued. 
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The  DMSP  satellite  visible  image  for  17  Jan,  Figure  B-18,  offers  further 
evidence'of  the  continuance  of  the  shamal  .  The  cloud  pattern  labeled  H  and 
aligned  no rthwes t- so uth eas t  is  the  typical  satellite-image  "signature"  of  a 
relatively  cold  northwesterly  air  stream  (behind  a  cold  front)  which  has  been 
advected  over  relatively  warmer  water.  The  lower  right  portion  of  area  H 
confirms  the  northwesterly  direction  of  the  wind.  The  clouds  formed  over  the 
waters  of  the  southern  Gulf  and  were  advected  onto  the  southeastern  shore. 

The  broad  upper  trough  is  also  traced  out  on  Figure  B-18:  by  the  cirrus 
pattern  at  the  top  of  the  image;  and  by  the  middle-level  cloudiness  near  the 
jet  axis  across  the  central  portion  of  the  Arabian  Peninsula.  ’>  ■ 

The  visible  image  also  reveals  that  the  elements  of  a  frontal  rope  were 
present  as  the  modified  cold  air  mass  over  the  Arabian  Peninsula  began  to  move  '  - 

off  in  the  Arabian  Sea.  It  can  not  be  stated  with  certainty  that  this  was  a 
"cold"  frontal  rope,  particularly  in  view  of  the  probable  modification  of  the 
air  mass  discussed  in  connection  with  the  events  of  16  Jan.  The  organized  cloud 
line  shown  in  Figure  B-18  seems  to  mark  a  shear  line  boundary  between  the 
modified  air  advancing  southeastward  off  the  Arabian  Peninsula  and  the  resident 
air  over  the  Arabian  Sea.  The  cloud  elements  were  to  become  more  ful-ly 
organized  into  a  line  on  18  Jan. 

B.5  18  JANUARY  1973 

The  axis  of  the  relatively  flat  upper  long  wave  trough  moved  southeastward 
to  a  position  over  the  southern  Gulf  on  18  Jan.  Accordingly,  the  associated 
upper  westerlies  were  displaced  far  enough  southward  to  flow  over  southern  Iran 
and  the  Strait  of  Hormuz.  This  is  confirmed  by  the  500  mb  analyses  at  18/OOZ 
and  18/12Z  (Figures  B-19  and  B-21  )  and  the  DMSP  visible  satellite  image  near 
noon  local  time  on  18  Jan  (Figure  B-23)..  Wave  clouds  downstream  of  the  Hajar 
Mountains  of  the  Oman  Peninsula  appear  at  right  angles  to  this  moderately  strong 
upper  flow  at  area  I  on  Figure  B-23. 

The  18/OOZ  surface  chart.  Figure  B-20,  indicates  a  recentl  y- formed  surface 
trough  with  central  pressure  of  1011  mb  over  the  Arabian  Sea;  the  trough  extends 
back  into  the  Gulf  of  Oman  and  along  the  eastern  shore  of  the  Persian  Gulf.  It  % / 
appears  that  the  trough  over  the  Gulf  of  Oman  was  induced  by  a  combination  of  -il 
concave  terrain  effects  (Figure  B-24)  and  upward  motion  associated  with  positive" 
vorticity  advection  (vertical  motion)  to  the  east  of  the  500  mb  long  wave  upper 
trough  axis  (Figures  B-19  and  B-21).  Evidence  of  a  weak  vortex  appears  in  cloud 
pattern  J  on  the  local  noon  DMSP  visible  image.  Figure  B-23.  The  vortex  is  also 
reflected  in  the  surface  analysis.  Figure  B-20,  near  21°N,  63°E  . 


*See  Godev ,  1  970  1  971. 
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Figure  B-19,  500  mb  analysis,  18  Jan  1973  OOOOZ. 
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Figure  B-20.  Surface  analysis,  18  Jan  1973  OOOOZ. 
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Figure  B-21.  500  mb  analysis,  18  Jan  1973  1200Z. 
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Figure  B-22,  Surface  analysis,  18  J-an  1  973  1  200Z. 


Figure  B-23.  DMSP  visible  image,  18  Jan  1973  local  noon. 
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Figure  B-23.  Continued. 
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Figure  B-24. 
induced  by 


Cyclonic  surface  circulation  in  Gulf  of  Oman 
Gulf's  concave  shape  and  surrounding  mountains. 
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Of  the  many  short  waves  that  moved  through  the  long  wave  trough  position, 
two  are  of  particular  interest  (see  500  mb  analyses,  Figures  B-19  and  B-21  )  . 
Short  wave  A  on  Figure  B-21,  to  the  east  of  the  long  wave  position,  is  asso¬ 
ciated  with  vortex  J  over  the  Arabian  Sea.  Also  associated  with  the  vortex  is 
band  K  on  Figure  B-23,  the  frontal  rope  structure.  This  cloud  structure  lay 
just  off  the  Arabian  coast  on  17  Jan  and  then  became  more  fully  organized  and 
lay  further  east  in  the  Arabian  Sea  on  18  Jan.  This  structure  is  indicated  as 
a  weak  cold  front  on  the  18/OOZ  and  18/12Z  surface  analyses.  Figures  B-20  and 
B-22  . 

Short  wave  B  on  Figure  B-21,  to  the  west  of  the  long  wave  position,  is 
'associated  with  fres hi y- fo rmed  cumulus  convection  over  the  northern  and  central 
'.Persian  Gulf  (area  L  in  Figure  B-23).  The  no  rt  hwes  t- s  o  uthea  s  t  orientation  of 
‘the  cumulus  lines  confirms  the  continued  northwesterly  flow  in  the  lower  levels 
over  the  Gul f . 

A  6-8  mb  surface  pressure  gradient  oriented  no rthwe s t- so u th eas t  was 
maintained  between  the  Gulf  of  Oman  and  the  northern  Persian  Gulf.  Forecasting 
experience  in  the  region  indicates  that  such  a  pressure  gradient  is  more  than 
sufficient  to  sustain  a  gale  force  shamal,  particularly  in  the  southern  Persian 
Gulf. 

Well  to  the  rear  of  the  upper  air  trough  axis,  sinking  motion  occurred  in 
the  lower  troposphere  over  northern  Saudi  Arabia,  Iraq  and  Syria.  This  motion 
is  indicated  by  the  clear  area  labeled  M  on  the  visible  image.  Figure  B-23;  and 
by  an  S,  for  sinking  motion,  on  the  500  mb  analyses.  Figures  B-19  and  B-21). 

The  central  surface  pressures  near  the  surface  high  centered  over  Iraq 
rose  at  least  4  mb  in  24  hr  (computing  24  hour  surface  pressure  changes  takes 
diurnal  surface  pressure  variations  i nto  account).  This  increase  occurred  at 
both  OOZ  and  12Z  on  18  Jan  (Figures  B-20  and  B-22),  compared  with  the  same 
time  charts  on  17  Jan  (Figures  B-15  and  B-17). 

B.6  19  JANUARY  1973 

At  19/OOZ,  Figure  B-25,  the  long  wave  upper  trough  remained  virtually 
stalled  near  the  Strait  of  Hormuz,  where  it  had  been  since  18/OOZ.  By  19/12Z, 
it  had  begun  to  move  eastward  again,  and  was  centered  near  the  Afghanistan-Iran 
"border  at  about  60°E  by  12Z  (Figure  B-27).  The  surface  analyses  suggest  that 
the  shamal  continued  at  OOZ  (Figure  B-26)  with  northwesterly  20  kt  winds  at 
"Ohahran  near  26°N,  50°E.  The  wind  remained  at  20  kt  at  Dhahran  at  20/12Z 
(Figure  B-28).  There  are  signs,  however,  that  the  shamal  is  about  to  weaken- 
The  surface  pressure  gradient  began  to  slacken  in  the  southern  Persian  Gulf. 

The  19/12Z  surface  analysis.  Figure  B-28,  suggests  a  phenomenon  that  tends  to 
foretell  the  end  of  the  shamal.  Easterly  winds,  local  sea  breeze  effects,  or  a 
combination  of  the  two,  began  to  appear  in  the  extreme  eastern  part  of  the  Gulf 
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Figure  B-25.  500  mb  analysis,  19  Jan  1973  OOOOZ. 
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Figure  B-26 .  Surface  analysis,  19  Jan  1973  OOOOZ. 
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Figure  B-27 .  500  mb  analysis,  19  Jan  1973  1200Z. 
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Figure  B-28,  Surface  analysis,  19  Jan  1973  1200Z. 
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Figure  B-29,  Typical  end-of-shamal  surface  wind  pattern. 
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Fi gure  B-30  . 


DMSP  visible  image. 


19  Jan  1973  local  noon. 
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lowir  Lavll  Flow 


Figure  B-30.  Continued. 
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(note  southeasterly  winds  at  Bandar  Abbas  near  27°N,  56°E),  while  15-20  kt 
northwesterl i es  persisted  on  the  western  side  (see  Figure  B-29). 

The  DMSP  visible  image  near  local  noon  on  19  Jan,  Figure  B-30,  also  fore¬ 
tells  the  breaking  of  the  shamal.  Note  a  convergence  band  oriented  northwest- 
southeast,  on  the  visible  image.  No  complete  explanation  can  be  offered  for 
the  presence  of  this  feature  without  more  supporting  data;  however,  its  shape 
suggests  a  convergence  zone  for  offshore  low  level  flow.* 

Analysis  of  the  DMSP  visible  image  for  19  Jan  (Figure  B-30)  suggests  that 
the  convergence  band  was  formed  by  the  meeting  of  a  westerly  flow  off  the  Hajar 
Mountains  with  a  no rth - to  -  no rth ea s terl y  flow  off  the  I  ran- Pa ki s ta n  mainland. 

The  westerly  flow  is  suggested  by  the  alignment  of  the  lower-level  cloud 
elements  over  the  southern  Persian  Gulf  (including  a  weak  eddy  in  the  southern 
Gulf  just  to  the  east  of  the  Strait  of  Hormuz).  The  northerly  flow  is  traced 
by  blowing  sand  and  dust  advected  out  over  the  Arabian  Sea  between  60°E  to  67°E 
near  25  °N  . 

B.7  20  AND  21  JANUARY  1973 

On  20  Jan  the  upper  air  trough  was  just  east  of  60°E  at  OOZ,  Figure  B-31; 
it  moved  to  near  65°E  by  12Z,  Figure  B-33.  The  shamal  had  broken  on  the  western 
side  of  the  Gulf  by  20/00Z.  The  surface  wind  at  Dhahran,  near  26°N,  50°E,  was 
05  kt  at  20/00Z  (Figure  B-32)  and  15  kt  at  20/12Z  (Figure  B-34).  The  convergence 
band  in  the  Gulf  of  Oman  also  occurs  on  the  local  noon  DMSP  visible  satellite 
image  of  20  Jan  (Figure  B-35);  however,  is  located  closer  to  the  Arabian 
Peninsula  coast  of  the  Gulf  of  Oman  than  on  the  visible  image  of  19  Jan  (Figure 
B-30).  This  suggests  that  the  strength  of  the  air  flow  on  the  western  side  of 
the  cloud  band  had  become  weaker  than  on  its  eastern  side.  This,  in  turn,  is 
consistent  with  the  abatement  of  the  shamal  in  the  Persian  Gulf. 

By  21/OOZ,  the  upper  air  trough  had  moved  well  eastward  to  western  India 
(upper  trough  axis  near  70°E,  Figure  B-36). 


*Compare  this  with  the  DMSP  images  of  26  Jan  1974  (Figures  A-31  and 
Study  1,  Appendix  A)  at  the  end  of  that  shamal  --  they  appear  to  be 
cloud  s  tructures  . 


A-32,  Case 
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Figure  B-31.  500  mb  analysis,  20  Jan  1973  OOOOZ. 
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Figure  B-32,  Surface  analysis,  20  Jan  1973  OOOOZ. 
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Figure  B-33.  500  mb  analysis,  20  Jan  1973  1200Z. 
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Figure  B-34.  Surface  analysis,  20  Jan  1  973  1  200Z. 
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Figure  B- 35  . 


DMSP  visible  image, 


20  Jan  1973  local  noon. 
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Figure  B-35,  Continued. 
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Figure  B-36.  500  mb  analysis,  21  Jan  1973  OOOOZ. 


B.8  SUMMARY 

(1)  This  case  study  has  described  the  typical  3-5  day  shamal  pattern 
discussed  in  Section  3.1. 

(2)  The  DMSP  satellite  visible  images  help  to  illustrate  the  indirect 
path  of  cold  air  into  the  upper  Ti gris-Euphrates  valley.  The  presence  of  cold 
air  in  this  valley  area  seems  important  for  the  triggering  of  shamals  occurring 
from  mid-December  through  February. 

(3)  The  upper  air  long  wave  trough  position  stalls  near  the  Strait  of 
Hormuz,  after  the  surface  cold  front  which  initiates  the  shamal  has  been 
advected  away  to  east.  The  combination  of  two  factors  maintains  the  pressure 
gradient  over  the  Persian  Gulf  and  sustains  the  shamal:  (a)  lower  surface 
pressure  induced  to  the  east  of  the  trough  over  the  Gulf  of  Oman;  (b)  the 
increase  of  surf9ce  pressure  over  the  Arabian  Peninsula  associated  with  subsi¬ 
dence  in  the  lower  troposphere  to  the  west  of  the  trough. 

(4)  A  convergence  cloud  band  appears  over  the  Gulf  of  Oman  near  the  end 

of  the  shamal.  This  appearance  seems  to  be  associated  with  converging  low  level 
wind  flows  from  the  Arabian  Peninsula  and  the  I r an- Pa ki s ta n  mainland. 
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APPENDIX  C 

WIND  CLIMATOLOGY  OF  THE  WINTER  SHAMAL 


The  winter  shamal  is  a  relatively  rare  event,  with  winds  at  most  Persian 

Gulf  locations  exceeding  20  kt  less  than  5%  of  the  time  during  the  season.  The 

exceptions  to  this  fact  are  the  areas  near  Lavan  Island,  Halul  Island,  and  .Ras 

'.Rakan  at  the  tip  of. the  Qatar  Peninsula,  where  winter  winds  in  excess  of  20  kt 

'Occur  from  5%  to  10%  of  the  time.  The  operational  significance  of  the  relatively 

'.rare  and  irregularly  occurring  gale  force  winds  of  the  stronger  shamals  stands 

'out  in  marked  contrast  to  the  more  common  conditions  of  lighter  winds. 

* 

Figures  C-1  through  C-5  are  wind  roses  for  selected  Gulf  locations  for 
November  through  March.  The  winds  are  predominantly  northwesterly  over  most  of 
the  Gulf,  but  blow  westerly  or  southwesterly  in  the  southeast  part  of  the  Gulf. 

Figure  C-6  presents  annual  wind  exceedance  graphs  for  the  same  locations. 
They  show  the  percentage  frequency  with  which  wind  velocities  exceed  a  given 
value  at  a  certain  location  for  a  particular  month.  Values  for  each  month  are 
then  connected  together  to  yield  an  annual  pattern. 

No  other  statistics  are  readily  available  to  assess  the  frequency  of  shamal 
occurrence.  Forecasting  experience  indicates,  however,  that  shamals  with  gale 
force  winds  lasting  24-36  hr  following  cold  frontal  passages  (the  type  described 
in  Case  Study  1,  Appendix  A)  may  occur  as  frequently  as  two  to  three  times  per 
month  from  December  through  February.  Briefer,  but  more  frequent,  periods  of 
gale  force  winds  follow  the  weaker  cold'  frontal  passages  in  March.  The  persist¬ 
ent  3-to-5  day  shamal  (the  type  described  in  Case  Study  2,  Appendix  B)  usually 
occurs  only  once  or  twice  in  a  winter  season;  it  is  accompanied  by  exceptionally 
hi gh  wi nds  and  seas . 


*Figures  in  this  Appendix  developed  by  IMCOS  Marine,  Ltd.,  London,  from  data 
collected  at  oil  company  locations  around  the  Persian  Gulf  --  Oil  Companies 
Weather  Coordination  Scheme,  1974. 
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Figure  C-2. 
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Fi gure  C-3 


Distribution  of  surface  winds  for  January 
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Fi gure  C-4 


Distribution  of  surface  winds  for  February 
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Figure  C-5. 
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Figure  C-6.  Continued. 
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Figure  D-1  .  Locations  of  stations  referenced  in  text  Para.  D.1.1  (3). 
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APPENDIX  D 
FORECAST  GUIDANCE 


These  suggestions  for  predicting  certain  conditions  and  characteristics  of 
the  winter  shamal  are  largely  "rules  of  thumb"  culled  by  the  author  of  this 
technical  report  from  two  years  of  experience  as  a  met eo rol o gi s t/ fo recas ter  in 
the  Persian  Gulf  region.  They  represent,  in  large  part,  a  distillation  of  the 
experience  of  forecaster  colleagues  in  the  Gulf.  In  two  cases,  however  --  item 
(4),  Para.  D.1.1;  and  Para.  D.2  --  the  indicated  procedures  were  suggested  by¬ 
research  for  this  report  and  thus  may  require  further  tuning  based  on  actual 
fi  el d  experience. 

D  .1  RULE  1  :  ONSET 

D.1.1  Midwinter  -  Mid-December  through  February 

Although  it  is  difficult  to  forecast  with  precision  the  time  of  a  shamal 's 
onset,  favorable  indications  from  any  of  the  considerations  listed  below  point 
to  an  onset.  If  all  are  favorable,  occurrence  over  the  entire  Gulf  is 
indicated. 

(1)  A  cold  upper-air  long-wave  trough  with  central  temperature  of  at 
least  -25°C  at  500  mb,  dips  south  of  the  Taurus  Mountains  of  Turkey.  This 
trough  is  often  associated  with  a  blocking  high  pressure  ridge  over  central  or 
eastern  Europe;  the  ridge  forces  cold  air  south  over  the  eastern  Medi terra nean- 
Lebanon-Syr i a  area  to  "dig"  the  trough  south  of  the  Taurus  Mountains  and  bring 
in  the  cold  air. 

(2.)  The  long  wave  upper  air  trough  tends  to  "hang  back"  over  the  eastern 
Mediterranean  (see  main  text,  Para.  3.3.4,  and  Figures  5a-e).  From  mi d- December 
through  February,  the  shorter  waves  that  may  move  eastward  from  the  long  wave 
position  (Para.  3.3.4)  do  not  tend  to  produce  the  cyclogenesis  in  the  lower 
Ti  g  ri  s  -  Eu  ph  rat  es  val  1  ey  /  no  rth  er  n  Gulf  region  which  precedes  most  winter  shamaTs. 
The  movement  eastward  of  the  long  wave  trough  itself,  however,  tends  to  produ-ge 
this  cyclogenesis.  Thus,  make  the  best  possible  prognosis  of  when  the  long 
wave  trough  will  move  eastward.  Ignore  the  shorter  waves  which, may  move  east--; 
ward  from  the  long  wave  position. 

(3)  Plot  consecutive  Skew-T  Log-P  diagrams  from  station  40650  (Baghdad, 
Iraq),  40831  (Abadan,  Iran),  or  40372  (Kuwait);  station  locations  are  shown  in 
Figure  D-1  .  Analyze  these  plots  for  Lifting  Condensation  Level  (LCL), 
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Figure  D-2.  Typical  pre-shamal  Skew-T  Log-P  diagram. 


Convective  Condensation  Level  (CCL),  and  Level  of  Free  Convection  (LFC).*  The 
Skew-T  Log-P  diagrams  should  be  conditionally  unstable  (i.e.,  an  LFC  should 
exist)  from  12  hr  to  24  hr  before  onset  of  the  shamal .  Use  the  LCL  to  determine 
the  LFC,  as  the  air  is  to  be  orographi cal ly  lifted  (AWSM  105-124,  pp  4-14). 

The  conditional  instability  should  increase  somewhat  on  consecutive  Skew-T  Log-P 
diagrams  as  onset  time  approaches  (i.e.,  the  "positive  energy  area"  above  LFC 
should  increase  on  successive  Skew  T's).  Fig.  D-2  shows  a  typical  radiosonde 
ascent  for  Baghdad  for  12Z  23  Jan  1974,  with  analyses  of  the  LCL,  LFC,  and 
positive  and  negative  energy  areas. 

(4)  The  average  surface  temperature  contrast  between  stations  in  the 
upper  Euphrates  Valley  and  stations  surrounding  the  northern  and  central  Gulf 
should  equal  or  exceed  12°C,  during  the  period  from  mid-December  through 
February.  This  surface  temperature  contrast  should  be  determined  by  averaging, 
daytime  (12Z)  and  nighttime  (OOZ)  surface  temperatures  to  compensate  for  the 
effects  of  daytime  heating  and  nocturnal  cooling  of  the  air  in  the  lowest  layers 
of  the  troposphere. 

Obtain  the  required  average  surface  temperatures  by  following  these 


steps; 

(a)  Select  from  among  the  following  groups  a  set  of  surface  stations 
at  12Z  to  represent  surface  temperature  reports  from  the  upper  Euphrates  valley: 
40016,  40039,  40045,  40072  in  Syria;  40608  and  40629  in  northern  Iraq.  Note 
that  surface  reports  from  stations  in  the  Middle  East  are  available  somewhat 
sporadically,  so  use  as  many  stations  from  those  given  above  as. are  available. 

From  the  stations  selected,  average  the  surface  temperatures  together 

to  form  T|. 

^1  2Z 


(b)  Select  a  set  of  surface  stations  from  12Z  from  among  the 
following  to  represent  reports  from  the  northern  and  central  Gulf:  40372, 
40831,  40858,  40416,  and  40427.  Again,  use  as  many  of  these  stations  as  are 
available  . 


From  the  stations  selected,  average  the  surface  temperatures'  together 
to  form  Tgi2z-  (Note  the  locations  of  the  stations  given  in  (a)  and’(b)  above 
may  be  found  in  Figure  D-1.) 

(c)  Repeat  step  (a),  using  surface  data  from  OOZ,  to  form  T,. 

Uooz 

(d)  Repeat  step  (b),  using  surface  data  from  OOZ,  to  form 


*See  NAVEDTRA  1  0.363-E,  Ae  ro  gra  ph  er '  s  Mate  3  and  2  Rate  Training  Manual,  pp.  236- 
238  ;  NAVEDTRA  1  0362-B,  Ae ro g ra pher  ‘  s  Mate  1  and  C  Rate  Training  Manual, 
pp.  52-55;  or  AWSM  1 05-24/NAVAIR  50-1P-5,  Use  of  Skew  T,  Log- P • Di agram  in 
Analysis  and  Forecasting,  pp.  4-13,  14,  15,  for  determination  of  these 
quanti ti es  . 
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(e)  Average  the  values  for  both  regions  over  time,  to  compensate  for 
daytime  heating  and  nocturnal  cooling  of  the  air: 


T 


G 


+  T 


G 


T 


G 


1  2Z 


OOZ 
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(f)  The  required  temperature  contrast  thus  becomes 


and 


^G  ■  ^  • 


(5)  From  the  prognoses  of  the  upper  air,  determine  when  the  long  wave 
upper  trough  axis  will  lie  just  north  of  the  Gulf.  Since  the  shamal  begins 
before  the  trough  axis  reaches  this  point,  forecast  the  time  of  the  onset  of  the 
shamal  to  coincide  with  the  time  when  the  upper  trough  axis  is  at  the  midway 
point  (approximately  44°E)  between  the  upper  Euphrates  valley  (the  Syria/Iraq 
border,  longitude  41°E)  and  a  position  just  north  of  the  Gulf  (longitude  48°E). 

D  .  1  . 2  Late  Fall  -  November  through  mid-December 

Use  the  same-  rules  as  above,  relaxing  the  surface  temperature  contrast  and 
central  500  mb  temperature  criteria  slightly.  Forecast  the  shamal  over  the 
northern  Gulf  only. 

D.2  RULE  2:  ONSET  INTENSITY  (NOV-FEB) 

(1)  Use  area  average  temperatures  derived  in  Rule  1.  Use  the  formula 


C 


1/2- 


T 


where  C  is  the  average  wind  speed  in  m/sec;  g,  acceleration  due  to  gravity,  is 
9.8  m/sec  ;  h  is  2500  meters,  the  typical  depth  of  the  cold  air  mass;  AT, 
in  °C  ,  equals  the  difference  between  the  temperatures  at  the  upper  Euphrates 
valley  and  the  northern  Gulf;  and  T  (°C)  is  average  of  the  two  temperatures. 

In  computing  form  for  onset  wind  speed,  using  the  quantities  derived  for 
rule  D  .  1  . 1  ( 4  )  : 


C  (in  k  t )  =  156  ) 


+  273.1  6 
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where  is  the  average  temperature  (°C)  in  the  upper  Euphrates  valley  and  Tg 
is  the  average  temperature  (°C)  of  the  middle  and  northern  Gulf  area. 

(2)  Add  10  kt  to  the  quantity  C,  derived  in  rule  2  (1),  for  average  gusts. 

(3)  Add  15-20  kt  to  the  quantity,  C,  derived  in  rule  2  (1)  for  peak  gusts. 

(4)  The  formula  is  based  on  conversion  of  potential  energy  in  adjacent 
cold  and  warm  air  masses  into  kinetic  energy  as  the  cold  air  mass  underruns  the 
warm  air. 

0.3  RULE  3:  DURATION  (NOV-FEB) 

(1)  If  the  upper  air  prog  series  (24,  36,  72  hr)  and  the  forecaster's 

judgment  indicate  rapid  movement  of  the  long  wave  upper  trough  through  the 

region  without  stalling  over  or  near  the  Strait  of  Hormuz  (in  the  vicinity  of 

26.5'’N,  56.5°E),  forecast  24-36  hr  duration  for  the  shamal  from  the  time  of 
** 

onset. 

(2)  If  the  upper  air  prog  series  and  the  forecaster's  judgment  indicate 
that  the  long  wave  upper  trough  will  stall  either  over  or  near  the  Strait  of 
Hormuz,  or  else  move  through  the  Persian  Gulf  region  very  slowly,  forecast  the 
shamal  to  last  3  to  5  days.  Recheck  the  prog  series  every  12  hr  to  confirm  the 
forecast,  recalling  that  the  3-5  day  extended  shamal  is  a  rare  event. 

(3)  If  the  shamal  is  expected  to  last  more  than  2  days,  forecast  wind 
speeds  of  35-45  kt  in  the  southern  Gulf,  where  the  surface  pressure  gradient 
will  be  strongest . 

0.4  RULE  4;  CESSATION 

This  rule  of  thumb  is  for  the  3-5  day  shamal  ,  which  occurs  from  mid- 
December  through  February. 

Check  the  upper  air  prog  series  and  determine  when  the  upper  trough  will 
move  away  to  the  east.  Forecast  the  shamal  to  break  by  sunset  of  the  day  on 
which  the  trough  moves  away.  If  satellite  images  are  available,  they  should 
be  examined  to  see  whether  a  convergence  band  off  Oman  is  present  in  late 
morning  images  (see  Case  Studies  1  and  2,  Appendices  A  and  B  respectively. 
Figures  A-31,  A-32,  B-30  and  B-35).  If  the  convergence  band  is  present. 


*After  Margules,  suggested  by  Feteris  (1973),  and  cited  on  p.  301  in  Hess  (1959) 

**If  the  forecaster  is  using  Fleet  Numerical  Weather  Central  (FNWC)  prognoses, 
he  should  be  aware  that  the  FNWC  upper  air  progs  are  pure  persistence  from  the 
equator  to  about  10°N,  that  they  are  fully  pronostic  north  of  about  20°N,  and 
that  they  are  a  blend  of  the  two  between  10°N  and  20°N.  As  the  southern  part 
of  the  Persian  Gulf  lies  north  of  22.5°N  latitude,  the  forecaster  can  be 
generally  confident  that  the  FNWC  progs  are  fully  prognostic  in  Gulf  regions; 
this  is  the  region,  however,  that  borders  the  latitude  where  the  progs  begin 
to  blend  from  prognostic  to  persistence. 


forecast  the  shamal  to  end  that  evening.  Forecast  northwest  winds  15-20  kt  in 
the  western  Gulf  that  afternoon.  Forecast  local  sea  breezes,  so u theas ter 1 i es  , 
or  a  combination  in  the  eastern  Gulf. 

D.5  RULE  5;  TYPICAL  SEA  HEIGHTS  (NOV-FEB) 

The  sea  heights  given  here  are  the  significant  heights,  i.e.,  the  average 
of  the  highest  one-third  observed. 

When  the  cool  shamal  winds  blow  over  the  warm,  shallow  Persian  Gulf,  they 
raise  a  s ho r t- per i od ,  steep  sea  faster  and  higher  than  would  a  wind  of  similar 
'strength  over  the  open  sea. 

(1)  If  the  initial  wind  forecast  is  for  30-40  kt,  forecast: 

(a)  Combined  sea  height  to  rise  to  10-12  ft,  12-24  hr  after  onset. 

(b)  Combined  sea  height  to  rise  further  12-14  ft,  24-36  hr  after 
onset,  if  the  shamal  persists  that  long. 

(2)  If  the  shamal  persists  for  more  than  36  hr,  a  rare  event,  increase 
wind  forecast  to  35  to  45  kt  in  the  southern  Gulf  and  increase  combined  sea 
heights  in  the  southern  Gulf  to  a  maximum  of  15-18  ft. 

D.6  RULE  6:  LATE-SEASON  SPECIAL  CASES 

This  rule  of  thumb  addresses  shamals  that  occasionally  occur  in  late  winter 
and  into  early  spring.  Sea  heights  (significant)  given  are  the  average  of  the 
highest  one-third  observed. 

(1)  In  March,  forecast  12-24  hr  30  kt  northwesterl i es  with  each  vigorous 
500  mb  short  wave  passage  (see  Section  3.2  ).  Forecast  maximum  combined  sea 
height  of  10-12  ft.  Forecast  the  residual  swell  decay  according  to  Rule  7  below. 

(2)  During  the  first  half  of  April,  the  same  rule  applies,  but  limit  the 
wind  to  25-30  kt  and  forecast  for  the  northern  Gulf  only.  Forecast  a  maximum 
combined  sea  height  of  8-10  ft.  Forecast  the  residual  swell  decay  according  to 
Rule  7. 

D.7  RULE  7:  SWELL  DECAY 

(1)  For  the  day  following  the  break  of  24-36  hr  shamal: 

(a)  Forecast  2-4  ft  swell  if  the  maximum  significant  combined  sea 
•height  was  10-12  ft  during  the  shamal. 

(b)  Adjust  this  forecast  upward  or  downward  if  higher  or  lower  maximum 
significant  combined  sea  heights  occurred  during  the  shamal. 


*This  is  an  exception  to  the  guidance  of  Para.  D.1.1  (2).  In  this  situation 
the  short  waves  are  significant  and  should  not  be  ignored. 
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(2)  Following  the  break  in  the  3-5  day  shamal,  if  12-15  ft  maximum  signif¬ 
icant  combined  seas  occurred: 

(a)  Forecast  6-8  ft  swell  on  the  day  after  the  shamal  breaks. 

(b)  Forecast  3-5  ft  swell  on  the  second  day  after  the  shamal  breaks. 

(c)  Forecast  1-3  ft  swell  on  the  third  day  after  the  shamal  breaks. 

D.8  RULE  8:  HIGHER-WINDS  SPECIAL  CASES 

These  modifications  to  previous  guidance  should  be  applied  for  those  areas 
that  experience  higher  than  normal  winds  during  shamal  occurrences.  See  discus¬ 
sion  in  main  text,  Para.  3.6.1,  and  Figure  3-7. 

(1)  For  the  area  east  of  the  Qatar  Peninsula: 

(a)  Add  10-15  ft  to  wind  speeds  determined  by  rules  2,  3,  or  5. 

(b)  Add  2-4  ft  to  all  combined  sea  or  residual  swell  heights  deter¬ 
mined  by  rule  6. 

(c)  Add  an  extra  day  of  significant  residual  swell  (2-4  ft  significant 
swell  height). 

(2)  For  the  area  near  Lavan  Island,  but  only  in  March  and  early  April: 

(a)  Add  10  kt  to  wind  speed  determined  by  rule  5. 

(b)  Add  2-4  ft  to  combined  sea  heights  determined  by  rule  5  or 
residual  swell  determined  by  rule  6. 

(c)  Add  an  extra  day  of  significant  residual  swell  (2-4  ft  signifi¬ 
cant  swel 1  height). 

0.9  RULE  9:  THUNDERSTORMS,  RAINSHOWERS 

(1)  Thunderstorms  and  rainshowers  in  conjunction  with  the  shamal  are  more 
frequent  in  the  northern  Gulf  than  in  the  south. 

(2)  Subsidence  in  the  lower  troposphere  behind  cold  fronts  can  quickly 
suppress  convection  behind  the  front. 

(3)  Include  thunderstorms  and  rainshowers  with  each  forecast  of  shamal 
onset  for  the  northern  Gulf.  Forecast  convective  activity  to  precede  cold 
frontal  passage  and  onset  of  the  shamal  by  3-6  hr.  Forecast  the  severest 
thunderstorm  activity  north  of  the  subtropical  jet  axis;  determine  the  axis 
from  satellite  images  or  upper  air  (200  mb)  progs,  as  demonstrated  in  Case 
Study  1,  Appendix  A. 

(4)  Check  satellite  images,  if  available,  for  evidence  of  development  or 
suppression  of  convection  after  frontal  passage  and  modify  the  forecast 
accordi ngl y . 
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D.IO  RULE  10:  REDUCED  VISIBILITY  IN  BLOWING  DUST 


Visibility  can  be  reduced  during  shamal  occurrences,  most  severely  in  the 
northern  Gulf  area,  by  wind-blown  dust  drawn  from  the  arid  surface  of  the  lower 
Ti gris-Euphrates  valley. 

(1)  For  the  first  shamal  of  the  season,  forecast  sharply  reduced  visibil¬ 
ities  of  one-eighth  to  one-quarter  of  a  mile  in  blowing  dust. 

(2)  Keep  a  record  through  the  winter  season  of  the  interval  between  rain¬ 
falls  over  the  lower  Ti gr i s - Eu ph ra tes  valley  region.  The  longer  the  interval 
since  the  previous  rainfall,  the  more  likely  the  soil  surface  will  become  dry 
and  powdery,  thus  increasing  the  likelihood  of  blowing  dust  during  shamals 
following  such  dry  periods. 

D.ll  RULE  11:  LOW  LEVEL  TURBULENCE 
D  .  1 1  .1  Prior  to  the  Passage  of  the  Cold  Front 

(1)  If  the  maximum  surface  wind  speed  associated  with  the  Kaus  is  expected 
to  be  at  or  near  gale  force,  forecast  light  to  moderate  turbulence  from  the 
surface  to  5000  ft  in  the  center  of  the  Gulf  (the  east-west  speed  shear  zone), 
and  from  3000  ft  to  8000  ft  over  the  eastern  Gulf  (the  vertical  speed  shear 
zone)  . 

(2)  Forecast  locally  severe  turbulence  in  and  near  organized  convective 
cells  at  all  levels  of'  the  troposphere  in  and  near  organized  prefrontal  lines  of 
convecti ve  cells. 

D.ll  .2  In  Association  with  the  Cold  Front 

(1)  Forecast  moderate  to  locally  severe  turbulence  in  and  near  convective 
cells  imbedded  in  the  cold  front. 

D.ll  .3  After  the  Cold  Front  has  Passed  Through  the  Gulf  Region 

(1)  Forecast  light  to  moderate  turbulence  in  the  lowest  3000-5000  ft  of 
the  atmosphere,  in  association  with  the  gusty  strong  wind  zone  which  extends 
from  the  frontal  position  back  to  the  northwest. 

(2)  Use  DMSP  imagery  to  pinpoint  the  more  severe  occurrences  of  this  sort 
of  low  level  turbulence.  The  cloud  pattern  to  look  for  is  that  of  postfrontal 
-cumulus  caused  by  relatively  cold  air  streaming  over  warmer  Gulf  waters. 

Upgrade  the  turbulence  in  these  areas  to  moderate. 

(3)  Forecast  moderate  mechanical  turbulence  to  occur  in  the  area  on  the 
eastern  side  of  the  Gulf  in  the  lee  (to  the  west)  of  the  Zagros  Mountains, 
during  the  extended  3-5  day  shamal  . 

Forecast  the  turbulence  1000-2000  ft  below  the  mountain  crest  height  to 
3000-5000  ft  above  it;  the  general  height  range  of  the  Zagros  Mountains  is 
6000-9000  ft.  A  conservative  estimate  of  the  altitudes  for  the  turbulence  would 
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be  4000-11000  ft  for  mountain  heights  of  approximately  6000  ft,  and  7000- 
14000  ft  for  mountain  heights  of  approximately  9000  ft. 

(4)  Forecast  moderate  to  severe  turbulence  in  the  region  downstream  of 
mountainous  areas  which  produce  wave  clouds.  Forecasting  an  altitude  for  the 
turbulence  is  difficult  because  it  is  a  function  of  local  stability  and  other 
local  effects  such  as  the  specific  wind  speed  and  direction,  specific  terrain 
configuration  and  vertical  wind  profile.  A  conservative  estimate  would  be  at 
least  2000-3000  ft  below  the  crest  of  the  mountains  (although  mountain  wave 
turbulence  can  reach  the  ground)  up  to  a  maximum  height  of  jet  stream  altitudes. 

0.12  RULE  12:  UPPER  LEVEL  TURBULENCE 

(1)  Forecast  light  to  moderate  turbulence  at  altitudes  of  20,000-35  ,000  ft', 
near  the  subtropical  jet  when  it  is  present.  The  normal  winter  position  of  the 
jet  is  near  the  mi  ddl  e- to-southern  Gulf. 

(2)  During  winter  shamal  occurrences,  broaden  the  turbulence  area  to 
include  the  region  from  just  south  of  the  subtropical  jet  to  just  north  of  the 
polar  jet.  (See  Section  3.8,  main  text,  and  Figures  3-9  and  3-10.)  Note  that 
when  the  shamal  occurs,  the  subtropical  jet  tends  to  be  displaced  southward  by 
the  intrusion  of  the  polar  jet  south  of  the  Taurus  Mountains  of  Turkey  to  a 
position  over  Iraq,  Syria,  Iran,  and  northern  Saudi  Arabia. 

(3)  Forecast  moderate  to  severe  turbulence  at  15,000-30,000  ft  in  the 
northern,  polar-jet  portion  of  the  turbulence  region  (Figures  3-9,  3-10). 

(4)  Forecast  moderate  to  severe  turbulence  at  20,000-35,000  ft  in  the 
southern,  subtropical- jet  portion  of  the  turbulence  region  (Figures  3-9,  3-10). 

(5)  More  detailed  guidance  for  forecasting  upper  level  turbulence  is  given 
in  the  technical  publication  NWRF  15-0568-137(11),  1968;  Clear-Air  Turbulence, 

Part  II,  A  Survey  of  Contemporary  Prediction  Techniques  and  Recommended 
Operational  Procedure. 

(6)  Rules  D.11.1  (2),  D.11.2  (1),  and  0.11.3  (4)  also  apply  in  forecasting 

regions  of  upper  level  turbulence. 
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Figure  3-5d.  Long  wave  position  qua s i -s tati o nary 
near  eastern  Mediterranean  coast:  Trough  axis 
re-established  near  eastern  Mediterranean  coast 
after  short  wave  has  moved  away  to  the  east. 


Figure  3-5e.  Long  wave  position  moves  eastward, 
and  shamal  begi ns  . 


The  dynamic  significance  of  the  situation  is  this:  The  shorter  waves 

which  move  through  the  long  wave  position,  usually  as  far  north  as  depicted  in 

Figures  3-5a-c,  transport  insufficient  cold  air  in  the  lower  layers  of  the 

troposphere  to  the  south  of  the  Taurus  Mountains  and  into  the  ’upper  Euphrates 

valley  to  cause  cycl o genes i s  .  This  cycl o genes i s  ,  in  turn,  sets  off  the 

shamal.  It  appears  that  the  full  force  of  the  strong  cold  advection  behind  the 

long-wave  upper  trough  is  required  to  bring  sufficient  cold  air  into  the 

Ti gr i s - Eu ph rat es  valley  to  set  off  the  shamal  from  mid  December  through 
* 

February . 

Given  the  situation  just  described,  especially  from  December  through 
February,  forecasters  must  monitor  the  upper  air  flow  very  carefully  to  avoid 
forecasting  the  onset  of  a  shamal  too  soon.  (A  forecast  technique  is  outlined 
in  Appendix  D,  Forecast  Guidance,  Rule  1.) 

3.4  DURATION 

Once  the  shamal  has  begun,  it  may  subside  12-36  hr  after  the  cold  frontal 
passage  (as  in  Case  Study  1,  Appendix  A)  or  it  may  persist  for  3-5  days  (as  in 
Case  Study  2,  Appendix  B).  The  relationship  between  the  surface  and  upper  air 
patterns  determines  which  duration  sequence  is  most  likely  to  occur. 

If  the  long-wave  upper  trough  moves  away  quickly  to  the  east,  shamal 
conditions  wil  occur  at  and  behind  the  cold  front  as  it  progresses  down  the 
Gulf;  however,  gale  force  no rthwes terl i es  will  usually  subside  within  24  hr 
after  frontal  passage. 

On  the  other  hand,  if  the  upper  westerlies  extend  as  far  southward  as  23°N 
to  28°N,  and  the  upper  trough  becomes  stationary  for  a  time  over  or  near  the 
Strait  of  Hormuz,  the  shamal  will  continue  until  the  upper  trough  moves  away  to 
the  east. 

When  the  upper  trough  becomes  stationary  over  ar  near  the  Strait  of  Hormuz, 
subsidence  occurs  in  the  lower  troposphere  in  the  area  south  of  the  Taurus 
Mountains  of  Turkey  (see  synoptic  sequence,  Para.  3.1).  Consequently,  the 
surface  pressure  builds  in  the  vicinity  of  northern  Saudi  Arabia.  A  surface  low 
also  is  frequently  induced  in  the  Gulf  of  Oman  by  the  same  upper  trough.  This 
situation  typically  produces  a  6-8  mb  pressure  gradient  from  the  high  over  Saudi 
Arabia  to  the  low  over  the  Gulf  of  Oman.  The  Zagros  Mountains,  parallel  to  the' 


* 

On-going  DMSP  satellite  imagery  interpretations  at  NEPRF  indicate  the  likeli¬ 
hood  of  a  strong  relationship  between  the  breakdown  of  the  blocking  high 
pressure  ridge  over  Europe  and  the  eastward  progression  of  the  long-wave  upper 
trough  from  a  position  over  the  Eastern  Mediterranean  Sea  into  the  Persian  Gulf 
region.  Such  movement,  of  course,  is  limited  to  the  occurrence  of  the  shamal 
from  mid  December  through  February. 
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Figure  3-5b.  Long  wave  position  quas i -stationary 
near  eastern  Mediterranean  coast:  Short  wave 
moves  through  long  wave  position,  flattening 
long  wave  somewhat. 


Figure  3-5c.  Long  wave  position  quasi-stationary 
near  eastern  Mediterranean  coast:  Short  wave 
propagates  eastward. 


3.3.3  Difficulties  in  Forecasting  Onset 


The  onset  of  the  shatnal  is  difficult  to  forecast,  primarily  because 
the  upper  air  pattern  involved  is  difficult  to  forecast.  The  chief  difficulty 
lies  in  correctly  forecasting  the  movement  of  upper  air  features  from  the 
eastern  Mediterranean  into  the  lower  Ti gri s- Euphrates/northern  Persian  Gulf 
area.  In  the  pre-shamal  situation,  a  sharp,  long-wave  upper  trough  over  the 
eastern  Mediterranean  will  typically  be  located  to  the  east  of  a  blocking  ridge 
over  central  or  western  Europe,  Short  waves  moving  through  the  long  wave 
position  often  will  flatten  the  base  of  the  long  wave  trough  and  create  the 
appearance  that  the  long  wave  trough  has  begun  to  move  eastward.  Within  a  day 
or  so  however,  it  frequently  becomes  apparent  that  the  long  wave  has  remained 
stationary  in  the  eastern  Mediterranean  near  the  Syria  and  Lebanon  coasts,  whvle 
the  shorter  waves  have  moved  through.  A  few  days  later  the  long  wave  may 
actually  move  eastward,  triggering  a  shamal.  Figures  3-5a  through  3-5e  illus¬ 
trate  a  typical  sequence  of  this  type. 


Figure  3-5a.  Long  wave  position  quasi -stationary 
near  eastern  Mediterranean  coast:  Long  wave 
position  initially  in  eastern  Mediterranean 
near  coast. 


*A  situation  similar  to  this  occured  in  mid-January  1974,  a  few  days  prior  to 
the  onset  of  the  shamal;  see  Appendix  A,  Figure  A-1  . 
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